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Compound (II) 

CAS Registry Record: 



Ll ANSWER 1 OF 1 REGISTRY COPYRIGHT 2006 ACS on STN 

RN 83117-73-1 REGISTRY 

ED Entered STN: 16 Nov 1984 

CN 16, 24-Cyclo-21-norchol-5-en-23-one, 17 -acetyl- 3- (acetyloxy) 

(3P,16P,17<X)- (9CI) (CA INDEX NAME) 
OTHER CA INDEX NAMES: 



CN 
MF 
LC 



9H-Indeno [2, 1-a] phenanthrene, 16, 24-cyclo-21-norchol-5-en-23 -one deriv. 
C27 H38 04 

STN Files: BEILSTEIN* , CA, CAPLUS, USPATFULL 

(*File contains numerically searchable property data) 



Me Ac 



AcO- 




4 REFERENCES IN FILE CA (1907 TO DATE) 

4 REFERENCES IN FILE CAPLUS (1907 TO DATE) 



3 Lit Refs in Chem. Abs.; all in Russian: 

<there are patent refs but newer than 2000> 



L4 ANSWER 1 OF 3 HCA COPYRIGHT 2006 ACS on STN 

AN 104:162095 HCA Full-text 

TI Biological activity of transformed steroids. XXI. Synthesis, 

conformational analysis and biological activity of the D ' 7-pentarane, 
16a, 17a-cycloheptanoprogesterone 

AU Kamernitskii , A. V.; Levina, I. S.; Kulikova, L . E.; Shamovskii, I. L . ; 
Korkhov, V. V.; Nikitina, G. V. 

CS Inst. Org. Khim. , Moscow, USSR 

SO Khimiko-Farmatsevticheskii Zhurnal (1986), 20(1), 56-9 

CODEN: KHFZAN; ISSN: 0023-1134 
DT Journal 
LA Russian 

GI 



Page 2 of 20 




AB 16a, 17a-Cycloheptanoprogesterone (I) [101346-79-6] was synthesized; its 

conformation was described; and it was tested for progestogenic activity. I did not 
affect endometrium proliferation. This contrasted with the D ' 3 -D ' 6 -pentarane which 
did posses hormonal activity. 

L4 ANSWER 2 OF 3 HCA COPYRIGHT 2006 ACS on STN 

AN 98:179735 HCA Full-text 

TI Transformed steroids. 131. Ring D' homologation in 16a, 17a- 

cyclohexanopregnanes (D' 6-pentaranes ) 
AU Kamernitskii, A. V.; Kulikova, L. E . ; Levina, I. S. 
CS Inst. Org. Khim. im. Zelinskogo, Moscow, USSR 

SO Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya (1982), (11), 2552-7 

CODEN: IASKA6; ISSN: 0002-3353 
DT Journal 
LA Russian 

GI 



Me Ac 




III 



CHMeOAc 



0 IV 

AB The cycloheptanopregnane I was prepared from the cyclohexanopregnene II (R = Ac) in 
9 steps. Thus, II underwent successive cyanation, acetylation, and LiAlH4 reduction 
to give the aminomethyl derivative III (R = H) , which underwent Tif f eneau-Demjanov 
ring expansion and acetylation to give the cycloheptanopregnene IV. LiAlH4 
reduction of the tosylhydrazone of IV and subsequent Jones oxidation gave I. Ring 
expansion of II via addition reactions of CH2N2 or CH2Br2 were not successful. 



L4 ANSWER 3 OF 3 HCA COPYRIGHT 2006 ACS on STN 
AN 97:163316 HCA Full-text 

TI Transformed steroids. 125. Single-stage synthesis of oxo 
16a, 17a-cyclohexanopregnanes under atmospheric and high 
pressure 

AU Levina, I. S.; Kulikova, L . E . ; El'yanov, B. S. 
CS Inst. Org. Khim., Moscow, USSR 

SO Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya (1982), (6), 1399-401 

CODEN: IASKA6; ISSN: 0002-3353 
DT Journal 
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LA Russian 

GI 




AB Cycloaddn. of the dehydropregnenolone acetate I with H2C : C (0SiMe3 ) CH : CH2 in CH2C12 
at 80° and 14 kbar gave a mixture of regioisomeric ketones II and III. Similar 
cyclization of I in the presence of A1C13 gave only II. 
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Compound (III) 
CAS Registry Record: 

RN 115605-73-7 REGISTRY 

ED Entered STN: 06 Aug 1988 

CN Pregn-5-en-20-one, 16- (ami nome thy 1 ) -3 -hydroxy- , acetate (6CI) (CA INDEX 

NAME) 
FS STEREOSEARCH 
MF C24 H37 N 03 
SR CAOLD 

LC STN Files: BEILSTEIN* , CAOLD , CASREACT 

(*File contains numerically searchable property data) 
Absolute stereochemistry. 




NH2 



1 REFERENCES IN FILE CAOLD {PRIOR TO 1967) 

1 Patent Ref in Chem. Abs: 

L8 ANSWER 1 OF 1 CAOLD COPYRIGHT 2 006 ACS on STN 
AN CA51 :16573b CAOLD 

TI 16- (a-aminoalkyl) -4-pregnene-3 , -20-diones 
AU Dodson, Raymond M. 
DT Patent 

TI 16- (a-aminoalkyl) -4-pregnene-3 , 20-diones 
PA Searle, G . D . , & Co. 
DT Patent 

PATENT NO. KIND DATE 



PI US 2794815 1957 

IT 102874-38-4 102945-38-0 103128-58-1 103511-98-4 113863-01-7 

115605-73-7 117888-58-1 119111-97-6 119324-48-0 119599-03-0 
119599-04-1 122871-87-8 123127-22-0 123267-90-3 124115-81-7 124263-31-6 
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Compound (IV) 
CAS Registry Record: 

RN 23328-05-4 REGISTRY 

ED Entered STN: 16 Nov 1984 

CN Pregn-5-en-20-one, 3- (methoxymethoxy) - , (30)- (9CI) (CA INDEX NAME) 
OTHER CA INDEX NAMES: 

CN Pregn-5-en-20-one, 3p- (methoxymethoxy ) - (7CI, 8CI) 
OTHER NAMES: 

CN 3-O-Methoxymethyl-5-pregnen-3P-ol-20-one 
CN NSC 64992 
FS STEREOSEARCH 
MF C23 H36 03 

LC STN Files: BEILSTEIN* , CA, CAOLD , CAPLUS, CASREACT, TOXCENTER, USPAT2 , 
USPATFULL 

(*File contains numerically searchable property data) 
Absolute stereochemistry. 



Patent Refs in Chem. Abs.: 

L10 ANSWER 1 OF 1 CAOLD COPYRIGHT 2 006 ACS on STN 
AN CA58:9193f CAOLD 

TI {lower alkoxy) methyl ether derivs . of steroids 
AU Fried, Josef 
DT Patent 

TI steroids, (lower alkoxy) methyl ether derivs. of 
PA Olin Mathieson Chemical Corp. 
DT Patent 

PATENT NO. KIND DATE 



PI US 3062846 1962 

IT 2692-17-3 2692-42-4 2822-16-4 3109-81-7 4619-61-8 
23328-05-4 105668-24-4 



Oldest Lit Refs in Chem. Abs: 

L14 ANSWER 10 OF 11 HCA COPYRIGHT 2006 ACS on STN 
AN 96:5735 HCA Full-text 

TI Alkyl-, aryl-, vinyl-, and heterosubstituted organozirconium compounds - 

selective nucleophiles of low basicity 
AU Weidmann, Beat; Maycock, Christopher D. ; Seebach, Dieter 
CS Lab. Org. Chem., Swiss Fed. Inst. Technol . , Zurich, CH-8092, Switz. 
SO Helvetica Chimica Acta (1981), 64(5), 1552-7 

CODEN: HCACAV; ISSN: 0018-019X 



Ac 




15 REFERENCES IN FILE CA (1907 TO DATE) 
15 REFERENCES IN FILE CAPLUS (1907 TO DATE) 
1 REFERENCES IN FILE CAOLD (PRIOR TO 1967) 



Page 6 of 20 



DT Journal 
LA English 
OS CASREACT 96:573 5 

AB Solns. of the title compds . are accessible from organo lithium reagents and 

trialkoxyzirconium chloride. In contrast to their Ti analogs, vinylzirconium 
reagents are stable enough to be employed. Generally, organozirconium reagents are 
highly selective carbonylophiles of exceedingly low basicity for aldehydes and 
ketones , 

CC 21-3 (General Organic Chemistry) 
IT 853-23-6 15600-08-5 23328-05-4 

RL: RCT (Reactant); RACT (Reactant or reagent) 
(reaction of, with organozirconium compds.) 



LI 4 ANSWER 11 OF 11 HCA COPYRIGHT 2 006 ACS on STN 
AN 73:35622 HCA 




Full Text 



TI Steroids and related natural products. XLVIII. Buf adienolides . 1. 

Introduction and base-catalyzed condensation of methyl ketones with 

glyoxylic acid 
AU Pettit, George R. ; Green, Brian; Dunn, George L. 
CS Dep. of Chem., Arizona State Univ., Tempe, AZ, USA 
SO Journal of Organic Chemistry (1970), 35(5), 1367-76 

CODEN: JOCEAH; ISSN: 0022-3263 
DT Journal 
LA English 

AB A comprehensive study of an aldol condensation between glyoxylic acid and various Me 
ketones was described. At high hydroxyl ion concentration, methyl p-naphthyl ketone 
gave bis (P-naphthacyl ) acetic acid but by careful control of pH the condensation 
could be directed to yield trans-p-naphthoylacrylic acid and (or) a mixture of a- 
hydroxy-y-oxobutyric acid and a-methoxy-y- oxobutyric acid. The reaction was applied 
to Me cyclopentyl ketone, 2 , 5-dimethoxyacetophenone, 2 , 4-dimethylacetophenone, 
pinonic acid, and the steroidal ketones, 3p-hydroxy-20-oxo~5-pregnene and 30- 
hydr oxy- 2 0 - oxo - 5 a- pr egnan e . 

CC 32 (Steroids) 

IT 23328-04-3P 23328-05-4P 23328-06-5P 23328-07-6P 

23328-08-7P 23328-09-8P 23328-10-1P 23328-11-2P 23328-12-3P 
23328-13-4P 23328-15-6P 23328-16-7P 23328-17-8P 23328-18-9P 
23330-45-2P 23349-18-0P 23349-19-1P 23349-20-4P 23349-21-5P 
23349-22-6P 23349-23-7P 23349-24-8P 23349-25-9P 23349-26-0P 
23349-27-1P 233 59-85-5P 233 89-68- 6P 
RL: SPN (Synthetic preparation); PREP (Preparation) 
(preparation of) 
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(1 mm) in small round-bottomed flasks , »» b or inside the injection 
port of the gas chromatography Relative yields of 3, 4, 5, and 
6 were determined by planimeter measurement of glpc peak 
areas and are reported in Scheme I. The yields of recovered 
la, 10, ly, and li relative to total methine were 23, 35, 98, and 
96%, respectively, and their retention times weie 19, 25, 25, 
and 26 rain on the 10 ft X 0.25 in. Carbowax 20M column. 7 
Under the same conditions, 3, 4, 5, and 6 showed 18, 22, 20, 
and 19 rain retention, respectively. Samples of 4 and 5 were 
purified by preparative gas chromatography. 7 Some spectral 
properties follow. 

Methine 4: ir (liquid film) 2950, 2850, 2775, 2760, 1460, 
1380, 1260, 1040, 880, 845 cm"'; [aj»D +139° (c 0.2, CHC1»); 
nmr 9 (neat) 5 4.8 (m, 2), 2.1 (s, 6), 2.0 (s, 2), 1.0 (d, 3,7 = 6 Hz), 
and 0.7 (d, 3, J - 6 Hz). Anal. Calcd for CnH j8 N: C, 
79.49; H, 12.79. Found: C, 79.17; H, 12.82. 



(9) The nmr spectra were obtained on a Varian A-60 speotrometer with 
tetra methyls) lane as internal standard. The infrared spectra were de- 
termined with a Beckmao IR-6a spectrometer. 



5; fa . b ir (liquid film) 2950, 2850, 2775, 2750, 1650 (6.05 
1460, 1380, 1270, 1050, 1030, 885 (11.30 p);^ 4 * nmr (QCU) 6 
4.7 (m, 2), 2.1 (8, 6), 1 .65 (m, 3), 0.85 (d, 3, / = 6 Hz)." 

Peaks from the mass spectra of 3, 4, 5, and 6 are reported in 
Table II. 

Registry No.— la, 2065-32-9; 1/8, 2232-27-1; ly, 
23912-39-2; 16, 2883-89-8; 2'a, 23912-41-6; t% 
23912-42-7; 2% 23912-43-8; 3, 23912-44-9; 4, 23912- 
45-0; 5,23912-46-1; 6,23912-47-2. 

Acknowledgment — We thank Dr. E. L. Eliel for his 
advice and many helpful suggestions, and Dr. O. C, 
Dermer, who also read the manuscript. The partial 
support of the National Research Foundation through 
GB-5607 and the American Petroleum Institute through 
API Research Project 58A is gratefully acknowledged. 

(10) We acknowledge a prior nmr determination by H. R. Juneja, 



Bufadienolides. 1. Introduction and Base-Catalyzed 
Condensation of Methyl Ketones with Glyoxylic Acid 1 

George R. Pettit 2 

Department of Chemistry , Arizona State University, Tempe, Arizona 86281 

Brian Green and George L. Dunn 

Department of Chemistry, University of Maine, Orono, Maine 04473 
Received February 11, 1989 

Introduction to a series of contributions pertaining to syntheses of isocardenolides, cardenolides, isobufadienol- 
ides, and bufadienolides is presented. A comprehensive study of an aldol condensation between glyoxylic 
acid and various methyl ketones is described. At high hydroxyl ion concentration, methyl 0-naphthyl ketone 
gives bis(£-naphthacyl)acetic acid (11a), but by careful control of pH the condensation can be directed to yield 
the 7-ketoacrylic acid 16a and/or a mixture of a-hydroxy-y-oxobutyric acid (15a) and a-methoxy-Y-oxobutyric 
acid (17a). The reaction is applied to methyl cyclopentyl ketone, 2,5-dimethoxyacetophenone, 2,4-dimethyl- 
acetophenone, pinonio acid (18), and the steroidal ketones, 3j3-hydroxy-20-oxo-5-pregnene (7a) and 30-hydroxy- 
20-oxo-5o-pregnane (24a). 



Ch'an su, the dried venom of a common Chinese toad, 
and extracts of the Mediterranean plant Scilla maritima 
(white squill) have received varied application in 
primitive medical practice for at least several millennia, 
The latter has been used from ca. 3500 B.C. 3 in the 
form of active glycoside extracts, principally for its 
diuretic and heart effects, but by the middle ages appli- 
cations of the drug had gradually subsided. The heart 
effects were rediscovered in the early 18th century, 
but, with introduction of digitalis glycosides about 
1785, 4 the plant was again gradually abandoned. The 
pioneering chemical investigations of Stoll 5 with 
the squill glycosides and Wieland ft with extracts from 
the European toad Bufo vulgaris led, respectively, to 
structures for scillaren A, 7 bufotalin 8 (la), and bufalin 9 

(1) Steroids and Related Natural Products. XL VIII. For the pre- 
ceding contribution, see J. C. Knight and G. R. Pettit, Phytochemistry, 8, 
477 (1969). This investigation waB supported by Public Health Service 
Research Grants CY-4074 (C3) to CA-04074-08 and CA-1 011 6-01 to CA- 
10110-02 from the National Cancer Institute, and is based, in part, on the 
Ph.D. dissertation submitted in June 1962 by G, L, Dunn to the University 
of Maine. 

(2) To whom correspondence should be addressed. 

(3) F. M. Dean, "Naturally Occurring Oxygen Ring Compounds" 
Butterworth and Co. Ltd., 1963. 

(4) A. Stoll, Chem.Ind. (London), 1558 (1959). 

(5) A. Stoll, E. Suter, W. Kreis, B. B. Bussemaker, and A. Hofmann, 
Helv. Chim. Acta, 16, 703 (1933). 

(6) H. Wieland and F. J. Weil, Ckem. Ber., 46, 3315 (1913). 

(7) A. Stoll and J, Reus, Helv. Chim. Acta, 34, 1380 (1941). 

(8) For leading references, see K. Meyer, ibid., 88, 1993 (1949). 



(lb). The aglycones proved to be steroids bearing an 
a-pyrone ring at position 17 (cf. la). 10,11 

Characteristic chemical and physiological 12 features 
of the plant and toad steroidal a-pyrones appear in 
bufalin (lb). In 1957, when the present study was 
initiated, neither bufalin nor any naturally occurring 
bufadienolide had yielded to total synthesis, and indeed 
no method was available for preparing even simpler 
5-substituted 2-pyrones, such as 3. Since then a 
preliminary account of the synthesis of a steroidal 
«-pyrone of the bufadienolide type has been reported, 13 
and recently Sondheimer described a synthesis of 

(9) Isolation and structural determination of bufalin was reported by K. 
Kuwada [J. Chem. Soc; Jap., 60, 335 (1939); Chem. Abstr., 84, 1031 (1940) J 
and was oonflrmed by K. Meyer [Helv. Chim, Acta, 32, 1238 (1949)], 

(10) In the ease of hellebrigenin, the same aglyoone has been found in 
both a plant extract and toad venom. For this and other interesting faoets 
of bufadienolide chemistry, see ref 3 and other reviews oited therein, 

(11) Subsequent extensive Btudies of Ch'an au, particularly by K. Meyer 
and colleagues, has led to location and identification of a number of related 
bufadienolides in this material, the most reoent being 19-oxocinobufagin and 
19-oxoclnobufotaUn: K. Meyer, ibid., 68, 1097 (1969). 

(12) The cardiao action of bufalin has been found almost equal to that of 
digitoxigenin (8) and in respect to local anesthetic potency on the rabbit 
cornea, ca. 90 times that of cocaine; see M. Okada, F, Sakai. and T. Suga, 
Ittuv Kenkyusho Nempo, 67, 75 (I960); Chcm. Abttr., 56, 16798 (1981). 
The bufadienolides generally display digitalis-like activity; e.g., see K. K. 
Chen and A, Kovaftkova, Pharm. 8ci„ 66, 1535 (1987); H. Murase, Jap. 
J. Pharmacol,, 15, 72 (1966); Cham. Abttr., 68, 7517 (1985); W, Foerster, 
Acta Biol. Med. ff«r„9,341 (1982); Chem. Abstr., 68, 11848(1983). 

(13) D. Bertin, L. Nedeloc, and J. Mathieu, Compt. Rend., 808, 1210 
(1961). 



1368 Pettit, Green, and Dunn 

bufalin and resibufogenin. 14 With the objective of 
making bufadienolides more readily available for 
biological evaluation, 15 we decided to develop a prac- 



o 




la,R-COOCH 3 
b,R«H 




H H 
5 6 

0 




b, R«COCH 3 

c, R«(C 6 H & ) 3 C 

d, R - CH 3 OCH 2 



0 




(14) F, Sondheimer, W. McCrae, and W. J. Salmond, J. Amer. Chem. 
Soc, 91, 1228 (1969). A review of 2-pyrone syntheses baa been prepared: 
N. P. ShuBherina, N. D. Dmitrieva, E. A. Luk'yanets, and R. Y. Levina, 
Rust. Chem, Rev., 86, 175 (1967). 

(15) Our interest in 1057 was strongly motivated by reports that certain 
a,0-unsaturated lactones inhibit oell growth: L. J. Haynes, Quart. Rev. 
(London), 8, 46 (1948). Since then, antitumor properties have been at- 
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tical synthesis of bufadienolides (cf. 3) and complete 
a total synthesis of bufalin (lb). For reasons already 
apparent, the bufadienolide intermediates were also 
to be employed whenever appropriate for construction 
of card enolide- type 4, 16 lactones. 

As originally conceived, smilagenin (4) was to serve 
as relay for obtaining diene 5 (alternatively prepared 
by a total synthetic sequence) and then 20-oxopregnane 
6. Simultaneously, pregnenolone (7a) was to be used 
to develop a general synthesis of bufadienolides which 
could be applied to bufalin intermediate 6. Degrada- 
tion of smilagenin to diene 5 was readily accomplished, 17 
and, with completion of a total synthetic route to the 
steroidal sapogenins by Sondheimer and colleagues, 
formal total synthesis in turn of diene 5 was at hand. 
Experiments in progress to convert diene 5 into 140 
alcohol 6 were discontinued when the Meister 18 and 
Sondheimer 19 synthesis of digitoxigenin (2) presented 
the possibility of using the glycoside digitoxin as a 
starting point for total synthesis of bufalin. Meanwhile, 
transformation of pregnenolone to y-ketoacrylic acid 
8 was being explored as summarized below, with the 
object of entering ketone 8 in a Wittig reaction leading 
to vinyl ether 9, as noted in part 4. 20 An acidification 
sequence was then expected to provide the corre- 
sponding a-pyrone. Before a satisfactory procedure 
was uncovered for obtaining 9, the isobufadienolide and 
bufadienolide syntheses described in parts 6 and 7 
were completed. 21 Reduction of ketone 8 to isocar- 
danolide and isocardenolide systems did proceed as 
planned and culminated in the lactone syntheses 
described in parts 2 and 3, 23 

The pressing requirement for an efficient route to 
20-oxo-21-nor-22-cholenic acids suggested the explora- 
tion of an aldol condensation between methyl ketones 
and glyoxylic acid, despite the fact that no practical 
one-step conversion of this type had been reported. 
Shortly afterward, Newman 23 described the base- 
catalyzed condensation of a glyoxylate with the 
cyclic ketone a-tetralone to give an analogous product.* 4 
Later, Noltes and Kogl 26 found that heating the diethyl 

tributed to oardenolidea [S. M. Kupohan, M. Mokotoff, R. S. Sandhu, and 
L. E. Hokin, J. Med. Chem.. 10, 1025 (1967)], bufadienolides [3. M. Kup- 
ohan, R. J. Hemingway, and J. C. Hemingway, Tetrahedron Lett., 149 (1968)], 
and other bournes [9. M. Kupohan, R. W. Doakoteh, P. Bollinger, A. T. 
McPhail, O, A. Sim, and J. A. Saenz Renauld, J. Amer. Chem. Soc., 87, 
5805 (1965); J, E. Pike, J. E. Grady, J. S. Evans, and C, G. Smith. /. 
Med. Chem., 7, 348(1964)]. 

(16) T. Reiohstein, NaturwitiBOnschaflen, 54, 53 (1967). 

(17) G. R. Pettit and D. M. Piatak, Can. J. Chem., 44, B44 (1966). 
Results of an analogous study have recently been reported: G. Bach, 
J. Capitaine, and C. R. Engel, ibid., 46, 733 (1968); R. Bouchard and R. 
Engel, ibid., 46* 2201 (1968). 

(18) P. D, Meister and H. C. Murray, U. 8. Patent 2,968.696 (1961); 
Chem, Abstr., 55, 11,466 (1961). 

(19) N. Danieli, Y, Maiur, and F. Sondheimer, Tetrahedron, 38, 3189 
(1966). 

(20) G. R. Pettit, B. Green, G. L, Dunn, and P. Sunder-Plassmann, J. 
Org. Chem., 35, 1386 (1970). 

(21) (a) Q. R. Pettit, J. C. Knight, and C. L. Herald, ibid., 80, 1393 
(1970); (b) G. R. Pettit, D. Fesaler, K. Paull. P. Hofer, and J. C. Knight, 
ibid., 85, 1398 (1970). 

(22) (a) G. R. Pettit. B. Green, and G. L. Dunn, ibid., 35, 1377 (1970); 
(b) G. R. Pettit, B. Green, A. K. Das Gupta, P. A. Whitehouse, and J. P. 
Yardley, ibid., 86, 1381 (1970), 

(23) M. S. Newman, W. C. Sagar, and C. C. Coohrano, ibid., 23, 1832 
(1958). 

(24) A study of the condensation of aqueous glyoxyllo acid with 17-oxo- 
androstanes has been made: P. Kurath and W. Cole, ibid., 36, 1939 (1961). 
We wish to thank Dr. Kurath for allowing us to review this manuscript prior 
to publication. 

(25) A. W. Noltes and F. Kfig!, Rec. Trav. Chim. Paye-Bat, 80, 1334 
(1961); see also P. Kurath and W. Cole, J. Org. Chem., 36, 4692 (1961). 
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(RCOCH^CHCOA 

na,R=/S-naphthy]; R t «H 

b, R « j8-naphthyl; Rj - CH 5 
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b, R-CHs, trans 
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17a, R = H 
b, R»CH 3 

OH 
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^COCH 2 CHC0 2 CH3 




C0 2 CH 3 



20 



CH; 



COCp^CHC0 2 CH 3 CH 3 0 



CH 3 
21 



C0CH«CHC0 2 CH 3 CH 3 0, 



OCH3 
22 



OH 

COCH 2 CHC0 2 CH 3 

OCH 3 
23 



acetal of ethyl glyoxylate with a variety of ketones 
yielded a-hydroxy-7-oxobutyric acid esters which 
could be dehydrated to the corresponding acrylic acids. 
Early attempts to condense glyoxylic acid with methyl 
ketones of the acetophenone type had yielded, instead 
of acrylic acid derivatives, bis (phenacyl) acetic acids, 26 
presumably by Michael condensation of the initially 
formed acrylic acid with a second molecule of methyl 
ketone. 

To determine whether a normal aldol condensation 
could occur, a number of reactions utilizing methyl 
0-naphthyl ketone 27 and glyoxylic acid or a glyoxylate 
were evaluated. Prior to appearance of the Newman 
procedure, 23 glyoxylic acid and aqueous solutions of the 
acid were prepared by treating barium glyoxylate with 
sulfuric acid. Concurrently, the more readily char- 
acterizable butyl glyoxylate (from lead tetraacetate 
cleavage of di-n-butyl tartrate) was also employed. 
Among a variety of acid- 28 and base-catalyzed 29 aldol 



(26) M. J. Bougault, Compt. Rtnd., US, 1270 (1909). 

(27) Structure of the acryHo acid 16 which would be obtained from this 
ketone was firmly established: G. Baddeley, G. Holt, S. M. Maker, and 
M. G. I vineon, J, Chem. 8oc. t 3805 (1062); M. Goldman and E. I. Booker, 
Nature, 170, 35 (1962); Chtm. Abstr., 48, 116 (1954). 

(28) Z. Cauroa, J. Petro, and P. Konig, Acta Chim. Acad. Set. Hung,, 
17, 419 (1958); Chem. Abstr., 53, 17,053 (1959). 

(29) For a comprehensive review of the aldol condensation, see A. T. 
Nielsen and W. J. Houlihan, Org. React., 16, 1 (1968). 



conditions studied, only those reactions employing 
butyl glyoxylate and methyl £-naphthyl ketone, in 
ethyl alcohol containing 10% aqueous sodium hy- 
droxide, gave reasonable amounts of acidic condensa- 
tion products. The colorless carboxylic acid C26H20O4 
obtained was the product (ila) arising from Michael 
addition 26 of ketone 10 to the initially formed 7-keto- 
acrylic acid, and conclusive evidence for the bis(#- 
naphthacyl) acetic acid structure was obtained as 
follows. Acid 11a was methylated with diazomethane 
and ester lib was treated with peroxytrifluoroacetic 
acid. 30 The resulting triester 12 was saponified and, 
following acidification, both £-naphthol and tricarbal- 
lylic acid (13) were isolated. Assignment 11a was 
further supported by an unequivocal synthesis in 
which diethyl malonate was condensed with o>-bromo- 
2-acetonaphthone and the product was saponified to 
provide the disubstituted malonic acid 14, which on 
partial decarboxylation gave acetic acid derivative 
11a. 81 

Repeating the aldol route to acid 11a in aqueous 
tetrahydrofuran-methanol at pH 14 using glyoxylic 
acid prepared 28 in situ from tartaric acid afforded bis(£- 

(80) W. D. Emmons and G. D, Lucas, J. Amer. Chem, Soc. t 7T, 2287 
(1955). 

(31) An analogous sequence has been used to prepare bis (phenacyl)- 
aoetio add: W. Kues and C. Paal, Chem. Ber., 19, 3144 (1886). 
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naphthacyl) acetic acid in 65% yield. Under these 
strongly alkaline conditions, 2,5-dimethoxyacetophe- 
none was easily transformed into acetic acid derivative 
11c. Application of conditions similar to those of 
Newman, 23 i.e., lower pH, gave a-hydroxy-/3-(2-naph- 
thoyl)propionic acid (15a ; 23%) accompanied by a 
lesser quantity of 0-(2-naphthoyl) acrylic acid (16a), 
Heating the a-hydroxy acid in acetic anhydride with 
potassium hydrogen sulfate 25 gave acrylic acid 16a in 
33% yield. 

Meanwhile, attempts were being made to condense 
aqueous glyoxylic acid obtained by the Newman 
method 28 with methyl ketones of the 20-oxopregnane 
type at various pH levels as noted below, and values 
(pH meter) of 13.25-13.65 were found most useful in 
effecting only the aldol condensation and avoiding 
further reaction to disubstituted acetic acids. Best 
conversion into acidic products was obtained at pH 
13.65 (meter) in tetrahydrofuran-methanol containing 
8% aqueous potassium hydroxide for 3 days at room 
temperature. By this means ketone 10 was trans- 
formed in up to 90% conversion into a mixture of three 
acids, which were esterified and separated by chro- 
matography to give methyl esters 16b (17%), 17b 
(57%), and 15b (10%). The unexpected ester 17b 
exhibited strong infrared absorption at 1130 era -1 
characteristic of the carbon-oxygen bond in aliphatic 
ethers 82 and was deduced to be the product of addition 
of methanol to acrylic acid 16a. Elemental analyses 
gave further support, and alternate preparation by 
methylation of a-hydroxy ester 15b using diazometh- 
ane-boron trifluoride provided the necessary confirma- 
tion. 33 

Extension of the aldol condensation with glyoxylic 
acid to methyl cyclopentyl ketone and pinonic acid 
(18) gave comparable results, but only the a-hydroxy 
esters were characterized. Following methylation 
(diazomethane) , the acid(s) from methyl cyclopentyl 
ketone and pinonic acid yielded a-hydroxy esters 19 
(52%) and 20 (72%), respectively, as oils. 

The principle objective, efficient conversion of ketone 
10 into acrylic acid 16a, was eventually achieved by 
allowing the aldol condensation to proceed for 12 hr 
at reflux temperature. The acidic products obtained 
in this way from 0-naphthyl ketone, 2,4-dimethylace- 
tophenone, and 2,5-dimethoxyacetophenone were meth- 
ylated to furnish acrylates 16b, 21, and 22 in yields of 
56-59%. The relative proportions of both aldol 
intermediates and methanol addition products were 
considerably smaller, as shown by careful investigation 
of the products from 2,5-dimethoxyacetophenone, 
which led to isolation of methyl a-hydroxy-/3-(2,5- 
dimethoxybenzoyl)propionate (23) in 9% yield. Thin 
layer chromatography indicated the presence of a very 
small amount of the a-methoxy ester. 

Shortly after the glyoxylic acid reaction with methyl 

(32) L. J. Bellamy, "The Infrared Spectra of Complex Molecules," 
2nd ed, John Wiley <fc Sons, Ino,, New York, N,Y„ 1958, 

(33) Alcohol 15ft may represent that portion of the aldol intermediate 
whioh did not undergo dehydration, although addition of water to the a»0- 
unBaturated carbonyl system after dehydration would still bo expected to 
give the o- rather than the ^-hydroxy add. Hydrolysis of methyl 0-(j>- 
bromobenzoyDcrotonate in hot aqueous methanolio potassium hydroxide 
solution has been shown to yield a-hydroxy-0-(p-bromoben«oyl) butyric 
acid: W. Koenigs and E. Wagatafle, Chem. Bcr., 28, 554 (1893). Later 
experiments of a similar nature with methanol gave comparable results. 
See, «,p M E. R. H. Jones, T. Y. Shen, and M. C. Whiting, Chem. Soc, 238 
(I960). 



ketones had reached a practical state of development, 
Bestmann reported 84 a valuable synthesis of y-keto 
acrylic acids based on the condensation of an a-bromo 
ketone with carbomethoxymethylenetriphenylphospho- 
rane. Application of this reaction to co-bromo-2-ace- 
tonaphthone gave Zrcms-methyl acrylate 16b in 38% 
conversion. Irradiation of a solution of this yellow 85 
product gave the colorless cis isomer 16c, Side-chain 
olefin protons of the yellow isomer exhibited a coupling 
constant of 15 cps whereas the colorless isomer gave 
in the same region J = 11 cps, consistent with the 
assigned configurations. 86 While this general study of 
aldol- type reactions involving methyl ketones and 
glyoxylic acid was being undertaken, the model 
experiments now summarized were also being con- 
ducted. 

Aldol condensation between benz aldehyde and 20- 
oxopregnenes using, e.g., sodium methoxide in methanol, 
follows the predicted course and presents no prob- 
lem. 87 However, a considerable number of experiments 
directed at condensing butyl glyoxylate or glyoxylic 
acid with 20-oxopregnanes 24a or 7a were quite unre- 
warding, leading in most cases to almost complete 
recovery of starting material. When the more general 
study of methyl ketones began to focus on aqueous 
glyoxylic acid prepared from tartaric acid, 23,24 it was 
decided to apply this method to suitable 5 a- and A 8 -20- 
oxopregnanes, which were chosen as models for the 
less readily available 3£-hydroxy-20-oxo-5/?-pregnanes. 
It was originally deemed advisable to protect the 3£- 
hydroxyl group with a base-stable, acid-labile group, 
and those evaluated will now be discussed. 

Triphenylmethyl chloride in pyridine solution gener- 
ally favors reaction with a primary alcohol, but substi- 
tution of triphenylmethyl bromide can provide, in 
the case of secondary alcohols, greater than 80% 
yields of trityl ethers. 88 Modification (24-hr reaction 
period) of the Stegerhock procedure 38 with secondary 
alcohol 24a and triphenylmethyl bromide gave reason- 
able conversion (53%) into ether 89 24c. Similarly, 
trityl ethers 7c and 25b were obtained in comparable 
yields, but low solubility of the trityl ethers in water- 
methanol-tetrahydrofuran mixtures caused rejection 
of this protecting group. In the expectation of a 
solubility increase in such protic solvent mixtures for a 
met boxy methyl ether, 40 a specimen of 7d was obtained 
(18% yield) by treating pregnenolone (7a) with chloro- 
methyl ether in the presence of silver oxide. 41 The 

(34) H. J. Beatraann and H. Schult, Angew. Chem., 78, 620 (1961). 
Experimental details of the reaction were kindly provided by Professor Best- 
mann prior to publication. Later a full report and review of tbie useful re- 
action were made available: H. J. BestmanD, Angew. Chem. Int. Ed. 
Engl., 4, 583 (1965). 

(35) Previous study of cis-tranB isomers in fl-aroylaoryilc acids suggested 
that the yellow geometrical isomer of acid 7a could be assigned the trans 
configuration. For a pertinent summary, refer to ref 27 (M. Goldman, et 
fll.). 

(36) A preliminary account of these stereochemical assignments has been 
summarised: G. R. Pettit. B. Green, A. K. Das Gupta, and G. L. Dunn, 
Experientia, SO, 248 (1964). 

(37) I, Dory and G. Lanyi, Acta Chim. Acad. Soi. Hung.. 30, 71 (1962); 
Chem. Abstr., 58, 564 (1963). 

(38) L. J. Stegerhock and P. E. Verkade, Rtc. Trav. Chim. Payn-Bas, 75, 
143 (1956). 

(39) For a related example, see. H. M. E, CardweU, J. W. Cornfortb, 
S. R. Duff, H. Holtermann, and R. Robinson, J, Chem. Soc, 361 (1953). 

(40) R. Stern, J, English, Jr., and H. G. Cassidy, J. Amer. Chem. Soc., 
79, 5797 (1957). A steroid 11-metboxy methyl ether has been prepared 
using formaldehyde, methanol, and hydrochloric acid: R. E. Beyler, F. 
Hoffman, R. M. Moriarty, and L. H. Sarett, J. Org. Chem., 86, 2421 (1961). 

(41) G. R, Pettit and T. R. Karturi, ib id., 86, 4553 (1961). 
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W 25a, R-H 

24a, R~H b, B-CCiHbJjC 

b,R-COCH 3 




26a, Rj - COCH 3 ; R 2 - fc 3 " CH 3 

b, Rj ™ R2 M H; R3 1=3 CH3 

c, Rj ■= Rg 13 COCH3; R3 CH3 



4 Ri=R 2 » r\;R 3 -CH 3 




29a, Rj « R 2 " H 
b, Ri-HjRa-CHs 
C| Rj-OOCH^Ra-CHj 



solubOity of ether 7d and the more efficiently pre- 
pared tetrahydropyranyl ethers 24d and 7e proved 
quite favorable, but protecting-group studies were dis- 
continued when use of blocked alcohols in the aldol re- 
actions proved unnecessary. 

Meanwhile, effects of potassium hydroxide concen- 
tration on the total yield of acidic material from 
reaction between pregnenolone and aqueous glyoxylic 
acid at various pH levels were being evaluated. The 
yield of acidic products increased substantially from 
25% at a pH reading of 13.25 to 45% at 13.48 to 81% 



at 13.65. The procedure involved adding 8% aqueous 
potassium hydroxide to a solution composed of meth- 
anol, tetrahydrofuran, pregnenolone, glyoxylic acid, 
and water until the required pH scale reading was 
reached. The acidic product from a reaction at pH 
13.48 was methylated with diazomethane and the 
crude mixture of methyl esters was separated by 
chromatography. A fraction eluted by benzene- 
chloroform was acetylated and rechromatographed 
to give methyl 3|8-acetoxy-23-methoxy-20-oxo-21-nor- 
5-cholenate (26a, 20%), presumably arising by a 
Michael-type addition of methanol to the aldol conden- 
sation product. In addition to elemental composition 
and spectral data, the structure of ether 26a was 
assigned using evidence already reviewed for the 
analogous product obtained from methyl 0-naphthyl 
ketone. 

A fraction eluted with chloroform gave methyl 3j9- 
23-dihydroxy-20-oxo-21-nor-5-cholenate (26b, 30%), 
which was converted into both diacetate 26c and 
bistetrahydropyranyl ether 26d. Formation of these 
derivatives, combined with information already com- 
piled for the aldol intermediate from methyl £-naphthyl 
ketone, provided structural evidence for diol 26b. 

The aldol reaction with pregnenolone and glyoxylic 
acid was repeated at a pH meter reading of 13.65 
(optimal base concentration) and studied with respect 
to time and temperature. After 28 hr at room tem- 
perature, the acidic product was isolated, methylated, 
acetylated, and purified by column chromatography 
to give methyl 3£-acetoxy-20-oxo-21-nor-5-*rans-22- 
choladienate (27), 42 methyl ether 26a, diacetate 26c, 
and an oily substance tentatively assigned pyrazoline 
structure 28 (formed by a 1,3-dipoiar cycloaddition 
of diazomethane to the a,0-unsaturated ketone sys- 
tem). 48 Yields of the first three compounds amounted 
to, respectively, 5, 11, and 15%. 

Extending the condensation to 72 hr increased the 
total yield of acidic products from 52 to 72%, and, 
following methylation, acetylation, and purification, 
olefin 27, methyl ether 26a, and diacetate 26c were 
obtained in 8, 14, and 19% conversion, respectively. 
Adjusted for recovered pregnenolone, the respective 
yields were 15, 18, and 25% accompanied by 6% of the 
crude pyrazoline. It is apparent that increasing the 
reaction time increased the total yield of acidic prod- 
ucts, but did not markedly affect the proportion of 
each constituent. Application of this procedure to 
3j3-acetoxy-20-oxo-5a-pregnane (24b) led to 3/3,23- 
dihydroxy-20-oxo-21-nor-5a-cholanic acid (29a) as 
major product, whose structure was confirmed by 
preparation of the methyl ester (29b) and diacetate 
(29c) derivatives; no attempt was made to characterize 
the minor reaction constituents, which were presumably 
analogous to those obtained from ketone 7a. Some 
indication of the necessity of controlling the base 
concentration was obtained by treating alcohol 29b 
with 5% potassium hydroxide in methanol for a 2-hr 
period at reflux, at which time ca. 25% of the alcohol 
had undergone reverse aldol condensation. 

(42) Evidence for the structure and stereochemistry of olefin 5 has been 
aummariied in a preliminary communication: G. R. Pettit, B. Green, A. 
K. Das Gupta, and G. L. Dunn, Sx-ptrientia, 20, 246 (1964), A more com- 
plete summary is presented in part III. S2b 

(43) Similar reaction products have been investigated: See £. R. H. 
Jones, et al,, ref S3. 
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The parallel aurvey of reactions between glyoxylic 
acid and methyl /3-naphthyl ketone by this time had 
shown that heating the aldol reaction mixture at 
reflux would increase acrylic acid formation, When 
pregnenolone was analogously condensed with glyoxylic 
acid, followed by methylation and acetylation, the 
yield of methyl ether 26a and diacetate 26c fell to, 
respectively, 1 and 8%. Substituting dimethoxypro- 
pane 44 for diazom ethane in the methylation step 
allowed isolation of olefin 27 in ca. 20% yield. 

Upon reaching this more promising stage for synthesis 
of Y-keto acrylic acid 27 by an aldol sequence, we were 
able to meet requirements for this compound by 
application of the then newly discovered Bestmann 
reaction. 34 However, the carefully defined experi- 
mental conditions reported herein for condensing gly- 
oxylic acid with methyl ketones should prove of value 
where the a-halo ketone required for the Bestmann 
procedure cannot easily be obtained or where an aldol 
intermediate such as diol 29a is required. 

Experimental Section 

Ligroin refers to a fraction boiling at 65-70°. Benzene and 
dihydropyran were redistilled from sodium; pyridine was re- 
distilled from potassium hydroxide. Solvent extracts of aqueous 
solutions were dried over anhydrous sodium sulfate or magnesium 
sulfate. Acetylation reactions were conducted using 1 : 1 acetic 
anhydride-pyridine at room temperature for 14-20-hr periods. 
The basic (Alcoa grade F-20), neutral (E. Merck, Darmstadt), 
and acid-washed (Merck, Rahway, N. J.) aluminas were used 
as supplied. Melting points reported for analytical specimens 
were observed using a Kofler melting point apparatus. All other 
melting points were determined in open capillaries in a silicone 
oil bath and are uncorrected. The thin layer chromatograms 
were prepared on silica gel G (developed with concentrated 
sulfuric acid) or silica gel HF«< (both from E. Merck). All 
analytical specimens were checked for purity by thin layer 
chromatography. A Beckman zeromatic pH meter equipped 
with a Beckmann E-2 glass electrode and a calomel reference 
electrode was used for pH measurements. 

Ultraviolet, infrared (potassium bromide pellets unless noted 
differently), and nuclear magnetic resonance (Varian A-60 spec- 
trometer) spectra were recorded by Dr. K. A. Hill, University 
of Maine. The nuclear magnetic resonance data are expressed 
in parts per million (5) downfield from tetramethylsilane. The 
microanalyses were provided by Dr. A. Bernhardt, Max Planck 
Institute, Mulheim, Germany, and by the laboratory of Dr. C. 
Janssen, Beerse, Belgium. Optical rotation measurements 
(chloroform solution) were provided by Dr. Weiler and Dr. 
Strauss, Oxford, England. 

Glyoxylic Acid. — Unless otherwise stated, glyoxylic acid was 
prepared in the following manner and used immediately without 
further purification or isolation . To a cooled solution of tartaric 
acid (5.7 g, 0.038 mol) in water (9 ml) at 0° was added a solution 
of paraperiodic acid (8.6 g, 0,038 mol) in water (18 ml). Before 
this glyoxylic acid solution was used, the cleavage reaction was 
allowed to proceed for 12 min. 

Bis(j3-naphthacyl)acetic acid (1 la). Method A. — To a solution 
of methyl p-naphtyl ketone (10, 2g, 0.012 mol) in ethyl alcohol 
(10 ml, 95%) was added n-butyl glyoxylate" (2 g, 0.015 mol) 
followed by aqueous sodium hydroxide (10%, 16 ml, 0.04 mol). 
The mixture was heated for 6 hr at 65-70°, cooled, diluted to 100 
ml with water, and extracted with diethyl ether. Acidification 
of the aqueous layer gave a pale yellow solid, mp 195-198°. 
Re crystallization from dioxane-water gave colorless plates (1.6 
gi 63%), mp 198-199°. Three crystallizations from dioxane- 
water afforded the analytical specimen: mp 199-200°; vmut 
3400-2600 (carboxylic acid), 1700 (carboxyl group), and 1685 
cm" 1 (ketones). 



(44) N. B. Lorette and J, H. Brown, Jr., J, Org. Ckem., 84, 261 (1939). 

(45) Prepared by cleavage of di-n-butyl tartrate with lead tetraacetate 
according to the method of Vogel: A. X. Vogel, "Practical Organic Chemis- 
try," 3rd ed. Longmans, Green and Co., London, 1956, p 951. 



Anal. Calcd for C«H Z A (mol wt, 396): C, 78.79; H, 5.10. 
Found: C, 78.23; H, 5.29; neut equiv, 374, 385. 

Method B. — A rapidly stirred solution of methyl jS-naphthyl 
ketone (10, 3,4 g, 0.02 mol) in tetrahydrofuran (35 ml)-methanol 
(50 ml) was treated successively with aqueous potassium hydrox- 
ide (12.6 g in 54 ml of water) and a solution of glyoxylic acid 
(0.012 mol) prepared by the general procedure described above. 
After addition of water (25 ml), a hydrogen ion measurement 
showed pH >14.0. 

After 16 hr (with stirring) at room temperature, the solution 
phase was filtered to remove inorganic salts and evaporated 
in vacuo to the point of turbidity. Dilution with water (200 ml) 
and extraction with diethyl ether gave upon evaporation methyl 
0-naphthyl ketone (0.1 g). The aqueous suspension was acidified 
with concentrated hydrochloric acid and extracted with chloro- 
form . Evaporation of the water-washed and dried extract gave 
the disubstituted acetic acid 11a as a brown solid, 48 which crystal- 
lized from dioxane-water as leaflets (2.55 g, 65%), mp 192-193°. 

Methyl Bis(0-naphthacyl)acetic Acid (lib).— To a solution of 
bis(j3-naphthacyl )acetic acid (11a, 2.70 g) in dioxane (50 ml) was 
added excess ethereal diazome thane. The mixture was allowed 
to stand at room temperature for 6 hr, Diazome thane and ether 
were removed by warming and the remaining solution was 
diluted with water. The oil which separated crystallized upon 
trituration to yield a colorless solid (2.70 g), mp 95-97°. One 
recrystallization from dioxane-water raised the melting point to 
116.5-117.5°. Recrystallization from the same solvent mixture 
gave an analytical specimen, mp 117.3-118°. 

Anal. Calcd for C«H„04; C, 79.00; H, 5,40. Found: C, 
79.05; H, 5.09. 

Baeyer-Villiger Oxidation of Methyl Bis(0-naphthacyl Jacetate 
(lib). — A solution of trifluoroperacetic acid prepared from tri- 
fluoracetic anhydride (1.7 ml, 0.012 mol) and hydrogen peroxide 
(90%, 0.27 ml, 0.010 mol) in methylene chloride (3 ml) was 
added with stirring during 15 min to a solution of methyl bis(0- 
naphthacyl Jacetate (lib, 1 g, 0.0024 mol) in methylene chloride 
(15 ml) containing a suspension of dry disodium hydrogen phos- 
phate (3.54 g, 0.005 mol). The yellow mixture was stirred at 
room temperature for 3 hr and at reflux for 7 hr. Filtration of 
the warm solution followed by evaporation furnished a yellow 
residue, which was dissolved in ethyl alcohol (95%, 5 ml) and 
heated at reflux for 3 hr with aqueous potassium hydroxide 
(20%, 4.5 ml, 0.015 mol). After evaporative removal of ethyl 
alcohol in vacuo, the aqueous solution was acidified with concen- 
trated hydrochloric acid and the precipitated brown solid was 
collected (the nitrate was retained; see below) and washed with 
diethyl ether (two 10-ml portions). The ethereal extract was 
concentrated to a brown solid, mp 112-116°. One crystallization 
from water-methanol gave £-naphthol 4e as tan crystals (0.28 g, 
40%), mp 119-121°. 

The aqueous nitrate was evaporated to dryness and the residue 
was extracted with boiling chloroform (two 5- ml portions). 
Evaporation of the filtered chloroform solution furnished a tan 
solid (13, 0.10 g, 23%), mp 155-158°, which proved to be tri- 
carballylic acid, mp 160-162°. 

Alternate Synthesis of Bis03-naphthacyl)acetic Acid (11a).— 
To a cooled (0°) solution of methyl 0-naphihyl ketone (17 g, 
0.10 mol) in dry diethyl ether (100 ml) was added, over 30 min, 
bromine (16 g, 0.10 mol). The brown ethereal solution was 
washed with water (four 75-ml portions), dried (sodiurn sulf ate), 
and evaporated to a crystalline solid. Recrystallization from 
ethyl alcohol (95%) afforded plates (14, 14 g, 56%), mp 82-83°, 
of y-bromo-2-acetonaphthone (lit. 47 mp 82.5-83.5°). 

Absolute ethyl alcohol (38 ml) was added gradually to finely 
cut sodium (1.3 g, 0.057 mol). When hydrogen evolution was 
complete, diethyl malonate (9.1 g, 0.056 mol) was added to the 
vigorously stirred solution followed, during 20 min, by w-bromo- 
0-acetonaphthone (14 g, 0.0562 mol) in hot absolute ethyl alcohol 
(100 ml). After a 2-hr period at reflux (with vigorous stirring), 
the ethyl alcohol was removed in vacuo and the oily brown residue 
was shaken with aqueous potassium carbonate (10%, 100 ml), 
followed by methyl alcohol (50 ml). The remaining residue was 
dissolved in hot benzene, filtered, and evaporated to a yellow 
oil which was heated at reflux for 2 hr with aqueous potassium 
hydroxide (20%, 50 ml). The mixture was cooled in ice and 
acidified with concentrated hydrochloric acid, and the acidic 



(46) The structure was confirmed by mixture melting point determination 
and infrared spectral comparison with an authentic sample. 

(47) T. Immediate and A. R. Day, J. Org. Ch«m., 6, 512 (1940). 
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product was collected by filtration. The air-dried bis()3-naphth- 
acyI)malonic acid (14, 0.70 g) melted at 137-140° with decompo- 
sition. 

The crude dicarboxylic acid (0.70 g) was heated at 150° until 
evolution of gas ceased (15 rnin), and the dark residue wag dis- 
solved in benzene, filtered, and treated with ligroin (1 ml). The 
brown solid (0.5 g, 79%) which precipitated melted at 193-195° 
and was identical with the acid 11a, obtained by condensing 
methyl #-naphthyl ketone with butyl glyoxylate. 

Bis(2,5-dimethoxyphenacyl)acetic Acid (11c). — Using the 
procedure outlined above (method B), 2 ,5-dimethoxyaceto- 
phenone (3.6 g, 0.02 mol) was condensed with glyoxylic acid. 
The crude, dark solid (3.0 g, 71%), mp 110-115°, gave an ana- 
lytical specimen after four recrystaUizations from isopropyl ether- 
acetone as colorless rosettes of microneedles: mp 130-131° 
dec; vmtx 3400 (carboxylic acid), 1700 (carboxylic acid), and 
1665 cm" 1 (ketones). 

Anal. Calcd for C 2I H M 0 8 : C, 63.46; H, 5.81. Found: C, 
63.38; H, 5.84. 

a-Hydroxy-fl-(2-naphthoyl propionic Acid (15a) and £-Naph- 
thoylacrylic Acid (16a), — To a cooled solution of glyoxylic acid 
(0.04 mol, 26 ml) was added methyl 0-naphthyl ketone (3.4 g t 
0.02 mol) in 95% ethyl alcohol (25 ml), followed by an aqueous 
solution of sodium hydroxide (3 g, 0.075 mol in 54 ml of water). 
A mixture of 95% ethyl alcohol (50 ml) and water (150 ml) was 
added to produce homogeneity. The reaction wa? allowed to 
proceed for 18 hr at room temperature and at 60° for 10 min. 
Next the yellow mixture was cooled, diluted with water, and 
extracted with diethyl ether (two 300-ml portions). The aqueous 
solution was cooled to 10°, acidified with concentrated hydrochlo- 
ric acid, and extracted with diethyl ether to provide, after drying 
and evaporation, a yellow solid (1.5 g). The residue was ex- 
tracted with hot benzene, and insoluble material (1.1 g, 23%) 
was crystallized from methanol-water to give colorless crystals 
of acid 15a, mp 130-132°. Four recrystaUizations from the 
same solvent mixture yielded a pure sample of a-hydroxy-p- 
(2-naphthoyl propionic acid (15a): mp 132,5-133.5°; ? m „ 1730 
(carboxylic acid) and 1690 cm" 1 (ketone). 

Anal. Calcd for CuH^O*: C, 68.85; H, 4.95. Found: C, 
68.53; H, 5.01. 

The benzene-soluble material consisted of a yellow acid (0.4 g, 
9%), nip 148-152°. Four recrystaUizations from benzene gave 
an analytical sample of 6-naphthoyl acrylic acid (16a): mp 167- 
168°; *v" c " 1710 (carboxylic acid) and 1670 cm" 1 (conjugated 
ketone). 

Anal. Calcd for CuH 10 O 3 : C, 74.32; H, 4.46. Found: C, 
74.10; H, 4.56. 

Dehydration of a-Hydroxy-j9-(2-naphthoyl propionic Acid (15a). 
■ — A solution of a-hydroxy-j8-(2-naphthoyl ^propionic acid (15a, 
0.36 g) in acetic anhydride (10 ml) was heated at 100° for 3 hr 
with potassium hydrogen sulfate (0.40 g). The solution was 
cooled, filtered, and diluted with water (10 ml). After 6 hr at 
room temperature the solution was evaporated to dryness in vacuo. 
The yellow residue was dissolved in saturated aqueous sodium 
bicarbonate, treated with Norit A, and acidified at 10° with 
concentrated hydrochloric acid. Upon cooling, the yellow crys- 
talline 0-naphthoylacrylic acid (16a, 0.12 g, 33%),« mp 164- 
165°, was collected. 

Condensation of Methyl Ketones with Glyoxylic Acid. Gen- 
eral Procedure A (Ambient). — A rapidly stirred solution of the 
ketone (0.032 mol) in tetrahydrofuran (250 ml)-rnethanol (360 
ml) was treated successively with aqueous potassium hydroxide 
(100 ml, 8%) and an aqueous solution of glyoxylic acid (0.076 
mol, 27 ml). The pH of the solution was adjusted to 13.65 by 
gradual addition of 8% aqueous potassium hydroxide. Stirring 
was continued for 3 days at room temperature. At this point, 
the yellow mixture was filtered, concentrated to l /* volume 
in vacuo at 50°, diluted with water (100 ml), and extracted with 
diethyl ether. Acidification of the aqueous solution with con- 
centrated hydrochloric acid and extraction with chloroform pro- 
vided the acidic product. Washing the chloroform solution with 
saturated aqueous sodium bicarbonate solution removed the 
acidic components and left in the chloroform neutral products 
whose infrared spectra indicated presence of a lactone (1780 
cm -1 ). The neutral material was formed (ca. 10% of the product) 
in all cases investigated but was not further characterized. 

With Methyl £-Naphthyl Ketone.— Methyl 0-naphthyl ketone 
(10, 5.4 g, 0.032 mol) was condensed with glyoxylic acid by the 
general procedure A given above to yield acidic (6.5 g) and neutral 
products (0.7 g); no starting material was recovered. A portion 



(3.8 g) of the crude acid was dissolved in methanol (115 ml) and 
heated at reflux for 3 hr with Amberlite IR-120 (H) (3.8 g) « 
The yellow solution was filtered and concentrated in vacuo to a 
yellow oil, which was dissolved in diethyl ether and washed with 
saturated aqueous sodium bicarbonate' (three 20- ml portions) 
and water (two 20-ml portions). Removal of solvent gave a 
mobile yellow oil (2.4 g). Acidification of the sodium bicarbonate 
wash solution and extraction with diethyl ether gave 0.9 g of 
recovered acid. Repeating the esterifi cation procedure yielded 
another portion of ester (0.5 g); the total yield of ester was 2.9 
g. A sample of the ester (1 g) was chrornatographed on acid- 
washed alumina (30 g) and afforded three distinct products. 
Elution with 2:5 ligroin-benzene led to a yellow solid (0.17 g), 
mp 108-109°. The melting point was raised to 112-112.5° by 
four recrystaUizations from methanol to afford a pure sample 
(characterized in the sequel) of methyl *rans-/3-(2-naphthoyl)- 
acrylate (16b); 4fl vm** 1720 (methyl ester) and 1665 cm* 1 (con- 
jugated ketone). Continued elution with benzene gave a color- 
less, mobile oil (0.57 g): Ci 1754 (methyl ester), 1694 (ketone), 
and 1124 cm" 1 (methoxyl), Distillation at 120° (0.01 mm) gave 
an analytical specimen of methyl of-methoxy-jS-(2-naphthoyl)- 
propionate (17b). 

Anal. Calcd for Ci«HiA: C, 70.56; H, 5.92. Found: C, 
70.95; H, 5.74. 

Elution with 1 : 1 benzene-chloroform afforded a colorless oil 
(0.10 g): C* 3571 (hydroxyl), '1748 (methyl ester), and 1690 
cm" 1 (ketone). Distillation at 170° (0.01 mm) gave an analytical 
specimen of methyl a-hydroxy-£- ( 2 -naphthoyl propionate (15b). 

Anal. Calcd for CibHhO,: C, 69.75; H, 5.46. Found: C, 
69.46; H, 5.46. 

When the preceding reaction sequence was repeated using 2,4- 
dimet-hylacetopbenone or 2,5-dimethoxyacetophenone in place 
of methyl j3-naphthyl ketone, examination by thin layer chro- 
matography and infrared spectroscopy of the crude products 
indicated analogous results. In these examples the actual prod- 
ucts were not further identified. 

With Methyl Cyclopentyl Ketone.— The ketone (10.6 g, 0,095 
mol) was condensed with glyoxylic acid by general procedure 
A to yield neutral (2.0 g of colorless oil) and acidic (10.0 g, 
56%) fractions. Continuous (48 hr) diethyl ether extraction 
of the acidified reaction mixture was used to isolate the yellow, 
oily acidic product. A portion (3 g) of the acid was treated with 
ethereal diazomethane at 0°. Excess diazomethane was de- 
stroyed with' glacial acetic acid and solvent was removed in vacuo. 
The resulting yellow oil (3.0 g) was chrornatographed on a column 
of acid-washed alumina (90 g) and methyl a-hydroxy-0-cyclo- 
pentylcarbonylproplonate (19) was eluted by benzene-chloroform 
mixtures as a colorless oil (2.7 g, 52%). Distillation at 100° 
(0.1 mm) afforded an analytical specimen: * m ax 3546 (hydroxyl), 
1740 (methyl ester), and 1709 cm" 1 (ketone). 

.4na/. Calcd for C,<,H IS 0«: C, 59.98; H, 8.06. Found: C, 
59.63; H, 7.96. 

With Pinonic Acid.— Pinonic acid" (18, 5.8 g, 0.032 mol) in 
tetrahydrofuran (250 ml)-methanol (360 ml) was condensed with 
glyoxylic acid, employing general procedure A, to give a dark, 
oily, acidic product (8.0 g), which was isolated by continuous 
extraction using diethyl ether. A portion (4.0 g) of the acid was 
dissolved in diethyl ether containing some methanol and treated 
with ethereal diazomethane . Excess diazomethane was destroyed 
by adding a few drops of glacial acetic acid. Removal of solvent 
in vacuo furnished a dark-colored oil (4.0 g), which was chro- 
rnatographed on a column of acid-washed alumina (120 g). 
The product (3.3 g, 72%), methyl a-hydroxy-0-pinonoyl pro- 
pionate (20), was eluted by benzene-chloroform mixtures as a 
pale yellow oil which was purified by distillation: bp 170° 
(0.1 mm); jC" 3400 (hydroxyl), 1740 (methyl e3ters), and 1705 
cm -1 (ketone). 

Anal Calcd for CmHhO„: C, 58.73; H, 7.75. Found: C, 
58.35; H, 7.65. 

General Procedure B (Heating). — To a stirred solution of the 
ketone (0.013 mol) in tetrahydrofuran (100 ml)-methanol (150 
ml) was added potassium hydroxide solution (30 ml, 8%), 
followed by aqueous glyoxylic acid (0.03 mole, 11 ml). The pH 
was adjusted as specified by addition of aqueous potassium hy- 
droxide (8%) and the mixture was stirred for 60 min at room 
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temperature followed by 12 hr at reflux. The acidic product(e) 
was isolated as summarized in general procedure A. 

With Methyl 0-Naphthyl Ketone.— Condensing methyl 0- 
naphthyl ketone (10, 2.2 g, 0.013 mol) with glyoxylic acid using 
general procedure B (pH 13.20) led to 2.7 g of crude acidic 
product. A portion (0.5 g) of this material was dissolved in 
methanol (8 ml) and treated with 2,2-dimethoxypropane (Dow 
Chemical Co.) followed by concentrated hydrochloric acid (4 
drops). 60 The yellow solution was heated to 50° and treated 
with four 1-ml portions of 2,2-dimethoxypropane at 1-hr inter- 
vals, The temperature was maintained at 50° for 17 hr, after 
which most of the solvent was removed in vacuo and water (50 
ml) was added. Following extraction of the turbid aqueous 
mixture with chloroform and washing of the extract with satu- 
rated aqueous sodium bicarbonate and water, drying, and evapo- 
rating, a yellow oil (0.6 g) was obtained. Chromatography on a 
column of neutral alumina (18 g) and eluting with a series of 
hexane-benzene mixtures afforded a pale yellow solid (0.30 g, 
57%): mp 108-109°; »w 1720 (methyl ester), 1665 (conjugated 
ketone), and 1630 cm -1 (double bond). Four recrystallizations 
from methanol gave an analytical specimen of methyl trans-fl- 
(2-naphthoyl )acrylate (15b) as pale yellow needles: mp 112- 
112.5° (lit. 61 mp 112-113°); pmr (CCh) 5 3.74 (singlet, 3 methyl 
protons) and 6.61 and 6.88 (doublet, J = 15 cps, 1 proton, the 
second olefin proton was obscured by the aromatic proton region). 

Anal. Calcd for CfiH^Os: C, 74.99; H, 5.04. Found: C, 
74.64; H, 4.84. 

With 2 ,4-Dimethylacetophenone . — A 1.9-g (0.013 mol) sample 
of 2,4-dimethylacetophenone was condensed with glyoxylic acid 
by general procedure B at pH 13.20 to give 2.2 g of acidic product. 
A portion (0.5 g) of the acidic fraction was esterified using metha- 
nol and 2,2-dimethoxypropane as described above for the prep- 
aration of methyl-£-(2-naphthoyl)-acrylate and provided a dark 
yellow oil (0,60 g). Column chromatography on neutral alumina 
(15 g) and elution with hexane yielded a yellow oil (0.30 g, 
56%), Vmll 1725 (methyl ester), 1670 (conjugated ketone), and 
1630 cm" 1 (double bond). The oil crystallized after 24 hr at 0°. 
Four reeryst alii zations from 2-propanol gave a yellow, crystalline, 
analytical specimen of methyl 0-(2,4-dimethylbenzoyl)acrylate 
(21), mp 50-50.2°. 

Anal Calcd for C i8 H u 0 3 : C, 71.54; H, 6.46. Found: C, 
71.35; H, 6.44. 

With 2,5-Dimethoxyacetophenone. — The acetophenone (2,3 g, 
0.013 mol) was condensed with glyoxylic acid by general proce- 
dure B at pH 13.65 and the crude acidic product (2.9 g) was 
esterified by treatment for 3 hr with Amberlite IR-120 (H) (2.9 g) 
in boiling methanol (75 ml). The yellow solution was filtered 
and the solvent was removed in vacuo to yield a dark, oily residue 
which was dissolved in diethyl ether. The ethereal solution was 
washed with saturated aqueous sodium bicarbonate and water, 
dried, and evaporated to furnish a yellow oil (1 .7 g) . This residue 
was chromatographed on a column of acid-washed alumina (40 
g). Elution with 1 :1 hexane-benzene gave a yellow oil (1.0 g, 
59%), which crystallized from 2-propanol in matted, yellow 
needles (0.9 g), mp 65-68°. Four recrystallizations from 2- 
propanol yielded an analytical specimen of methyl j8-(2,5- 
dlmethoxybenzoyl)acrylate (22): mp 73-73.5° (lit. 62 mp 65°); 
v"£l l 1727 (methyl ester), 1672 (conjugated ketone), and 1636 
cm" 1 (double bond). 

Anal. Calcd for C l8 H u 05: C, 62.40; H, 5.64. Found: C, 
62.65; H, 5.80. 

Further elution of the column with chloroform gave a dark oil 
(0.15 g). Distillation at 170° (0.01 mm) afforded methyl a- 
hydroxy-|9- (2, 5-dimethoxybenzoyl propionate (23) as a pale 
yellow oil, »w 3570 (hydroxyl), 1754 (methyl ester), and 1677 
cm" 1 (ketone). 

Anal: Calcd for CiaHi B O s : C, 58.20; H, 6.01. Found: C, 
58.53; H, 6.59. 

Methylation of Methyl a-Hydroxy-/3-(2-naphthoyl propionate 
(15b). — To a solution of methyl «-hydroxy-/3-(2-naphthoyl)- 
propionate (15b, 0.5 g) in diethyl ether (5 ml) at —10° was added 
1 drop of boron trifluoride etheraie followed dropwise by an 
ethereal solution of diazomelhane from 1.2 g of nitrosomethyl- 
urea during 5 min." Cooling was maintained until the yellow 
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color had disappeared (15 min). A gelatinous precipitate was 
removed by filtration and the filtrate was washed with saturated 
aqueous sodium bicarbonate, dried, and concentrated to a 
colorless oil (0.2 g). The residue was chromatographed on acid- 
washed alumina (15 g), and methyl a-methoxy-0-(2-naphthoyl)- 
propionate (15b, 0.1 g, 18%) was obtained, eluted by benzene, 
as a colorless oil. 

Alternate Synthesis of Methyl frans-0-(2-Naphthoy!)acrytate 
(16b).— To a stirred solution of w-bromo-2-acetonaphthone (2.4 g, 
0.01 mol) in dry tetrahydrofuran (20 ml) was added in one portion 
a warm solution of carbomethoxymethylenetriphenylphospho- 
rane 5 * (6.7 g, 0.02 mol) in dry tetrahydrofuran (30 ml). After 
24 hr at room temperature the solution was filtered to remove 
carbomethoxymethyltriphenylphosphonium bromide (2.6 g, 
64%). The filtrate was evaporated to a dark oil, which was 
diluted with dry benzene and treated with methyl iodide for 2 
hr at 5°. Filtration and evaporation yielded a dark residue which 
was chromatographed (column) on acid-washed alumina (30 g). 
The hexane-benzene fractions yielded a yellow solid 16,** which 
recrystallized from methanol as pale yellow plate3 (0.91 g, 38%), 
mp 110-111°. 

Methyl cw-/S-(2-Naphthoyl)acrylate (16b).— Methyl trans-p-(2- 
naphthoyl)acrylate (16a, 0.20 g) in benzene (10 ml) was irradiated 
with a sun lamp (GE 110-125 V) at a distance of 4 ft for 48 hr, 
at which time tic examination showed almost complete conver- 
sion into the more polar cis isomer. Evaporation of solvent gave 
an orange oil which slowly crystallized on trituration with hexane. 
The crude product was heated with hexane and the hot solution 
was decanted from an oily by-product. The product, which 
crystallized upon cooling, was recrystallized three times from 
hexane to give cream-colored crystal clusters (0.06 g): . mp 92- 
95°; pmr (CCU) 5 3.41 (singlet, 3 methyl protons) and 5.94, 
6.13, 6.58, and 6.77 (quartet, / « 11 cps, 2 protons, cis isolated 
double bond). 

3S-Triphenylmethoxy-20-oxo-5a-pregnane (24c). — A solution 
of 3/3-hydroxy-20-oxo-5e*-pregnane (24a, 3.6 g, 11 mmol) and 
triphenylmethyl bromide (5.4 g, 17 mmol) in dry pyridine (100 
ml) wa3 heated at 100° for 12 hr. The yellow reaction mixture 
was cooled and poured onto ice, and the resulting yellow pre- 
cipitate was collected by extraction with chloroform. The 
chloroform extract was washed twice with water, dried, and 
evaporated to yield a yellow gum which solidified on trituration 
with diethyl ether. Filtration provided a cream-colored solid 
(3.87 g), mp 216-220°. Re crystallization from chloroform- 
methanol gave cream- colored needle clusters in two crops of 
2.2 g, mp 222-225°, and 1.3 g, mp 218-223°. Recrystallization 
of the second crop from the same solvent mixture gave 1.19 g, 
mp 223-227°. Yield (of almost pure material ) was 3 .39 g (53%), 
An analytical specimen was prepared by three recrystallizations 
from the same solvent mixture: mp 227-230°; 1695 (ketone) 
and 1030-1050 cm" 1 (ether); [*]"d +39.2° (c 1.46). 

Anal. Calcd for C 4 oH 48 O a : C, 85.66; H, 8.63. Found: C, 
85.11; H, 8.26. 

30-Triphenylmethoxy-2O-oxo-5-pregnene (7c). — Treatment of 
3£-hydroxy-20-oxo-5-pregnene (7a, 5,0 g, 16 mmol) with tri- 
phenylmethyl bromide in pyridine was performed exactly as de- 
scribed above for the 5« analog 24c to yield a brown, glasslike 
crude product (1 1 .4 g). A solution of the residue in 5: 1 hexane- 
benzene was chromatographed on basic alumina (250 g). The 
benzene-hexane eluate gave a colorless solid which crystallized 
from chloroform-methanol as needles (4.7 g, 53%), mp 180-185°. 
An analytical specimen was prepared by trituration with boiling 
methanol followed by six recrystallizations of the insoluble ma- 
terial from chloroform-methanol: mp 188-191°; [a] "d +23.2° 
(c 1.29); fm« 1690 (ketone) and 1040 cm" 1 (ether). 

Anal. Calcd for aoI^eOj: C, 85.98; H, 8.30. Found: C, 
85.49; H, 8.05. 

3£-Triphenylmethoxy-20-oxo-5,16-pregnadiene (25b). — A 5.0-g 
(16 mmol) sample of 3/3-hydroxy-20-oxo-5,i6-pregnadiene (25a) 
was treated with triphenylmethyl bromide in hot pyridine for 
24 hr as described above for 24c. The product was a dark, 
viscous oil (10 g). Column chromatography on basic alumina 
(250 g) and elution with hexane-benzene mixtures gave a color- 
less solid which crystallized from chloroform-methanol as 
glistening needles (4.5 g, 51%), mp 190-194°. Three recrystal- 
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lizations from acetone gave an analytical sample: mp 195— 
197°; [*]"d -21.4° (c 1.215); Max 1665 (conjugated ketone) 
and 1040 cm" 1 (ether). 

Anal Calcd for C 40 H«O 2 : C ( 86.27; H, 7.97. Found: C, 
86.22; H, 7.98. 

3/?-Methoxyinethyloxy-20-oxo-5-pregnene (7d). — A solution of 
30-hydroxy-2O-oxo-5-pregneiie (7a, 7.5 g, 24 mmol) in refluxing 
chloromethyl methyl ether (75 ml, Eastman) containing sus- 
pended Drierite (20 g) was treated in portions with freshly pre- 
pared, dry silver oxide (17 g) during 90 min. Heating was 
continued for 4 hr. The solvent was reduced in volume and 
filtered, and the inorganic residue was washed well with chloro- 
form. The residue (9.0 g) obtained upon removal of solvent 
in vacuo wa3 chromatographed on basic alumina (200 g). Elu- 
tion with benzene gave a colorless solid (1.5 g, 18%), mp 95- 
100°. Four re crystallizations from methanol gave a pure speci- 
men as colorless microneedles: mp 103-104°; [a]"D 0°; v m *x 
1700 (ketone), 1150, 1100, and 1040 cm" 1 (ether). 

Anal. Calcd for C s ,H 8fl O s : C, 76.64; H, 10.07. Found: C, 
77.23; H, 9.94. 

Elution of the column with chloroform yielded unreacted 3/3- 
hydroxy-20-oxo-5-pregnene (5.5 g). 

Condensation of 30-Hydroxy-2O-oxo-5-pregnene (7a) with 
Glyoxylic Acid at Readings of pH 13.25-13.48. Experiment A. 
pH 13.25. — A vigorously stirred solution of 3p-hydroxy-20-oxo- 
5-pregnene (7a, 2.0 g, 6.3 mmol) in tetrahydrofuran (50 ml)- 
methanol (75 ml) was treated successively with potassium hy- 
droxide solution (8% aqueous, 20 ml), and a solution of glyoxylic 
acid (23 mmol, 6 ml) prepared as described above. Potassium 
hydroxide (8% aqueous) was then gradually added until the pH 
meter scale reading was 13.25. Stirring was continued for 3 days 
at room temperature, and the solution was filtered, concentrated 
in vacuo to l / 5 volume, and diluted with water (100 ml). Extract- 
ing the basic mixture with chloroform followed by washing with 
water, drying, and concentration furnished unreacted 3/3- 
hydroxy-20-oxo-5-piegnene (7a, 1.3 g)." Acidification of the 
aqueous solution with concentrated hydrochloric acid gave a 
gelatinous, acidic product which was collected by chloroform 
extraction to yield a colorless, amorphous, acidic product (0.63 
g, 257 c ): mp 160-170° dec; vc« 3400 (broad, acid) and 1750- 
1690 cm" 1 (carboxylic acid and ketone). 

Experiment B, pH 13.48. — Experiment A was repeated with 
ketone 7a (3 g, 9.5 mmol) exactly as above except that the pH 
reading was adjusted to 13.48. The neutral extract gave starting 
material (1.3 g), and the acidic fraction yielded a colorless, 
amorphous solid (1.6 g, 45%), mp 155-175° dec. 

Methyl 3|3,23-Dihydroxy-20-oxo-21-nor-5-cholenate (26b). — 
Condensation of 3i3-hydroxy-20-oxo-5-pregnene (7a, 20 g, 63.4 
mmol) with glyoxylic acid was carried out at pH 13.48 exactly 
as described above (experiment B) to yield starting material 
(8.5 g) and amorphous acid (12.3 g, 50%), mp 155-175° dec. 
A portion {11 g) of the acidic material, dissolved in methanol, 
was treated with ethereal diazomethane at 0°. Excess diazo- 
methane was decomposed immediately with a few drops of 
glacial acetic acid, and the solvent was removed in vacuo. 
The yellow, viscous oil (11.5 g) was chromatographed on acid- 
washed alumina (250 g). A pale yellow solid (4 g) was eluted by 
1 : 1 benzene-chloroform; purification of this material will be de- 
scribed below (see 26a). Elution with chloroform furnished a pale 
yellow solid (7 g, 30%), mp 154-164°, which was homogeneous 
as evidenced by thin layer chromatography. Four re crystalliza- 
tions from isopropyl ether- methanol afforded an analytical sample 
of diol 26b as colorless plates; mp 170-174°; [«] 82 d +9.0°; 
>w 3400 (hydroxyl), 1740 (methyl ester), and 1700 cm" 1 
(ketone). 

Anal. Calcd for C ?4 H„0 6 : C, 71.25; H, 8.97. Found: C, 
71.18; H, 8.80. 

A sample (2.3 g) of the diol was acetylated, and the crude di- 
acetate (26c, 2.6 g) was decolorized by two treatments with Norit- 
A in methanol . Recrystallization from aqueous methanol gave the 
diacetate (2.2 g, 79%) a3 colorless plates, mp 105-107°. An 
analytical specimen of methyl 3/3, 23-d iacetoxy-20-oxo-2l-nor-o- 
cholenate (26c) was prepared by five recrystallizations from 
aqueous methanol: mp 105-108°; [al 22 D +23.2° (c 1.242); 
fmii 03 1754 (sh, methyl ester), 1738 (acetates), 1709 (ketone) and 
1250 cm -1 (acetates). 

Anal. Calcd for C^H^Ot: C, 68.82; H, 8.25. Found: C, 
68.90; H, 7.96. 

Methyl 3/9,23-Ditetrahydropyranyloxy-20-oxo-2 l-nor-5-cholenate 
(26d). — To a magnetically stirred suspension of 3/3,23-dihydroxy- 



20-oxo-21-nor-5-cholenate (26b, 1.25 g) in dry benzene (40 ml) 
and dihydropyran (7.5 ml, distilled from sodium) was added p- 
toluenesulfonic acid monohydrate (75 mg). After 2 min the 
solution became homogeneous, and stirring was continued at 
room temperature for 30 min. 65 The pale yellow solution was 
washed with sodium hydroxide solution (1% in 1:1 methanol- 
water) and water. Removal of solvent gave a yellow oil (2.0 g) 
which was chromatographed on neutral alumina (30 g). Elution 
with 1 : 1 benzene-hexane gave a colorless oil (1.25 g, 70%) which 
solidified, mp 70-75° (vacuum dried) upon trituration with cold 
(ice-bath) methanol. An analytical sample was prepared by 
three recrystallizations from methanol, followed by two from 
aqueous acetone: mp 70-78°; 1750 (methyl ester), 1705 
(ketone), and 1030 cm" 1 (split, ethers). 

Anal. Calcd for C 3 Ji 6 20 7 : C, 71.29; H, 9.15. Found; C, 
71.53; H, 9.10. 

Methyl 30-Acetoxy-23-methoxy-2O-oxo-2 l-nor-5-cholenate 
(26a).— A portion (1.5 g) of the material (4 g) eluted in 1:1 
benzene-chloroform (see 26a above) during isolation of methyl 
3/3,23-dihydroxy-20-oxo-21-nor-5-cholenate (26a) was acetylated. 
The oily acetate (1.2 g) was chromatographed on acid-washed 
alumina (30 g), A 0.3-g quantity of 30-acetoxy-2O-oxo-5- 
pregnene (7b) was eluted by 1:1 benzene-hexane. Elution with 
benzene gave a colorless solid (0.7 g), mp 102-103°. Three 
recrystallizations from diethyl ether-hexane gave a pure specimen 
as colorless plates: mp 104-105°; H*^ +20.5° (c 2.879); 
•w ' 1754 (methyl ester), 1733 (acetate), 1709 (ketone), 1250 
(acetate), and 1136 cm -1 (methoxy); pmr 5 3.24 (3 methoxy 
protons) and 3.58 (3 methyl ester protons). 

Anal. Calcd for C S7 H 4 oOe: C, 70.40; H, 8.76. Found: C, 
70.80; H, 8.68. 

Condensation between 3£-Hydroxy-20-oxo-5-pregnene (7a) and 
Glyoxylic Acid at pH 13.65. Method A. Room Temperature.— 

Reaction between 3j3-hydroxy-20-oxo-5-pregnene (7a, 20 g, 63.4 
mmol) and glyoxylic acid at pH 13.65 was accomplished as 
described above (cf. 26b). After 28 hr, half of the reaction mix- 
ture was taken for isolation studies and the other half was allowed 
to proceed for an additional 48 hr at room temperature. Isola- 
tion work with the first half was complicated by emulsion forma- 
tion (during extraction of the basic solution with chloroform), 
and caused inefficient separation into neutral and acidic fractions. 
The neutral extract furnished 3/S-hydroxy-20-oxo-5-pregnene 
(0.6 g, 7a), and the acidic portion was obtained as a pale yellow 
foam (10 g). The acid (10 g) was dissolved in 10:1 chloroform- 
methanol and treated with ethereal diazomethane at ice-bath 
temperature. Excess diazomethane was destroyed at once with 
a few drops of glacial acetic acid. The solution was concentrated 
to a yellow oil (11 g). Acetylation gave a yellow, viscous oil 
(11.5 g) which was chromatographed on acid-washed alumina 
(300 g). Elution with 1:1 hexane-benzene gave 3/3-acetoxy-20- 
oxo-5a-pregnane (7b, 4.3 g), and benzene gave a mixture of two 
components, separable by crystallization from methanol, to 
give first the less soluble methyl 3jS-acetoxy-20-oxo-21-nor-5- 
frans-22-choladienate (27, 0.60 g, 5%), mp 153-156°. Three 
recrystallizations from methanol gave long yellow needles: mp 
157-158.5°; [a) m D +37.5° (c 1.27); *w 1735 (methyl ester), 
1730 (acetate), 1690 (conjugated ketone), and 1628 cm' 1 (m, 
conjugated double band). 

Anal. Calcd for C^CV C, 72.86; H, 8.47. Found: C, 
73.34; H, 8.43. 

The second component eluted by benzene was identical 49 with 
methyl 30-acetoxy-23-methoxy-2O-oxo-5-cholenate (26a, 1.6 g, 
11%), mp 102-104°. Further elution of the column with 2:1 
benzene-chloroform gave methyl 3j3,23-dlacetoxy-20-oxo-21-nor- 
5-cholenate (26c, 2.3 g, 15%),** mp 96-99°, and a pale yellow, 
viscous oil (1.0 g). An infrared spectrum suggested that the oil 
represented pyrazoline 28: v m &x 1745 (methyl ester), 1701 (ke- 
tone), and 1577 cm -1 (pyrazoline). Continued elution with 10: 1 
and 4:1 benzene-chloroform gave mixtures (shown by thin 
layer chromatography) of the 23-acetoxy (26b) and 23-methoxy 
(26d) esters. 

After 72 hr the second half of the reaction product was meth- 
ylated and acetylated in the same way to give 3i3-hydroxy-20-oxo- 
5-pregnene (7a, 0.8 g) as the initial neutral fraction and a mixture 
of methyl esters (9.0 g) from the initial acid fraction. Chro- 
matography of the methyl ester mixture as before gave 3/3- 



(55) Normal reaction time (3 hr) for tetrahydrgpyranyl other formation 
produced a mixture of products. After several experiments over various 
periods, the 30-min procedure was found moat satisfactory, 
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acetoxy-20-oxo-5-pregnene (7b, 1.6 g), methyl 30-acetoxy-2O- 
oxo-21-nor-5,22-choladienate (27, 1.0 g, 8%), methyl 30- 
acetoxy-23-methoxy-20-oxo-21-nor-5-cholenate (26a, 2.0 g, 14%), 
methyl 3£,23-diacetoxy-20-oxo-21-nor-5-cholenate (26c, 3.0 g, 
19%), and pyrazoline 28 (0.4 g). 

Method B. Reflux Temperature.— Here, 3j8-hydroxy-20-oxo- 
5-pregnene (7a, 20 g, 63.4 mmol) was condensed with glyoxylic 
acid as described above at pH 13.65 except that the reaction was 
heated at reflux temperature (60°) for 8 hr. Despite an in- 
efficient separation because of emulsification, 2.4 g of unreacted 
starting material and 19.5 g of acidic material (as a pale yellow 
foam) were isolated. Methylation (see method A) and acetyla- 
tion gave a dark oil (20 g) which was chroma tographed on acid- 
washed alumina (500 g). Elution with the same solvents as 
described in the preceding experiment gave 3j3-acetoxy-20-oxo-5- 
pregnene (7b, 3.56 g), methyl 3j3-acetoxy-20-oxo-21-nor-5,22- 
choladienate (27, 2.1 g, 8%), methyl 3/3-acetoxy-23-methoxy- 
20-oxo-21-nor-5-cholenate (26a, 0.3 g, 1%), methyl 30-23- 
diacetoxy-20-oxo-21-nor-5-cholenate (26c, 2.8 g, 9%), and pyr- 
azoline 28 (5.5 g). 

In another experiment" a portion (17 g) of the acidic product 
prepared by method B (reflux, 8 hr) in methanol (170 ml) was 
treated with 2,2-dimethoxypropane (17 ml) and warmed to 60° 
with concentrated hydrochloric acid (5 ml). After 1 hr, more 
dimethoxy propane (17 ml) was added, and this operation was 
repeated twice more at hourly intervals. One day later the 
brown solution was filtered and concentrated in vacuo. Addition 
to water and extraction with chloroform furnished the crude 
product. Acetylation led to a pale yellow solid (17 g). Chro- 
matography on acid-washed alumina (450 g) and elation with 
benzene gave methyl 3,S-acetoxy-20-oxo-21-nor-5-frcms-22-chola- 
dienate (27, 5.0 g), w mp 154-155°. In this case the other 
products were not isolated. 

Condensation between 30-Acetoxy-2O-oxo-5a-pregnane (24a) 
and Glyoxylic Acid. — Using method A (see above with ketone 
7a, pH 13.65), 3jS-acetoxy-20-oxo-5a-pregnane (24a, 10 g, 28 
mmol) was condensed with glyoxylic acid. A period of 3 days 
at room temperature afforded starting material (5.1 g) after 
reacetylation and acidic product (4,82 g), mp 198-205° dec, 
collected by filtration. A sample of the acid was recrystallized 
five times from aqueous ethyl alcohol to give the analytical speci- 
men of 3^,23-dihydroxy-20-oxo-21-nor-5a-cholanic acid (29a) as 
colorless plates: mp 227-229° dec; y m „ 3350 (hydroxyl), 2700- 
2300 (w, carboxyl), 1730 (carboxyl), and 1698 cm" 1 (ketone). 

Anal. Calcd for C«H»0 6 : C, 70.37; H, 9.24; 0 , 20.38. 
Found: C, 70.80; H, 9.00; 0,20.20. 

A solution of the crude acid (mp 198-205° dec, 4.8 g) in 1:1 
chloroform-methanol (200 ml) was converted into the methyl 

(56) Performed by Dr. A. K. Das Gupta. 



ester with ethereal diazomethane. Excess reagent was quickly 
destroyed with acetic acid, and the solution was washed with 
saturated sodium bicarbonate solution followed by water. Re- 
moval of solvent furnished a yellow, oily residue. The crude 
ester was chromatographed on acid-washed alumina (140 g). 
Elution with 7:3 benzene-chloroform gave a yellow oil (1.1 g) 
which slowly solidified and showed two closely positioned spots 
on a thin layer chroma togram. Elution with 1:1 benzene- 
chloroform led to a colorless solid (2.0 g), mp 147-157°. Re- 
crystallization from diethyl ether containing a trace of methanol 
gave colorless needles (1.0 g), mp 165-167°. Three recrystal- 
lizations from the same solvent gave methyl 3S,23-dihydroxy-20- 
oxo-2 1-nor-Sa-cholanate (29b) as needles: mp 177-179°; [a] 80 D 
4-91.8° (c 1.381); 3200, 3100 (hydroxyls), 1739 (methyl 
ester), and 1697 cm" 1 (ketone). 

Anal. Calcd for C«H M 0 5 : C, 70.90; H, 9.42; O, 19.68. 
Found: C f 70.84; H, 9.24; O, 20.16. 

Acetylation of a sample of the dihydroxymethyl ester (0.09 g), 
mp 174-176°, gave diacetate 29c (0.12 g) f mp 109-113°, and 
successive recrystallization from hexane and aqueous ethyl alcohol 
gave the analytical specimen of methyl 3/?,23-diacetoxy-20-oxo- 
21-nor-Sa-cholanate (29c) as colorless plates: mp 113-114.5°; 
[a] 81 D +71. 1° (c 0.82); pou* 1725-1750 (acetates and methyl 
ester) and 1695 cm" 1 (ketone). 

Anal. Calcd for Ci S H«0 7 : C, 68.54; H, 8.63; O, 22.83. 
Found: C, 68.52; H, 8.79; O, 22.92. 

Conversion of Methyl 30,Z3-Dihydroxy-2O-oxo-21-nor-5a- 
cholanate (29b) into 3j3-Hydroxy-20-oxo-Sa-pregnane (24a).— A 
solution of methyl 30,23-dihydroxy-2O-oxo-2i-nor-5a-cholanate 
(29b, 0.1 g) in methanol (20 ml) containing potassium hydroxide 
(1 g) was heated at reflux for 2 hr. Concentration in vacuo to a 
small volume, followed by dilution with water, three extractions 
with chloroform, and evaporation of solvent gave a colorless, 
crystalline solid (25 mg) identical" with 30-hydroxy-2O-oxo-5a- 
pregnane (24a). Acidifying the alkaline solution provided a 
0.072-g acid fraction. 

Registry No.— Glyoxylic acid, 298-12-4; 7c, 23328- 
04-3; 7d, 23328-05-4; 11a, 23349-18-0; lib, 23389- 
68-6; 11c, 23349-19-1; 14, 23349-20-4; 15a, 23359- 
85-5; 15b, 23349-21-5; 16a, 23328-06-5; 16b, 23328- 
07-6; 17b, 23349-22-6; 19, 23349-23-7; 20, 23349- 
24-8; 21,23349-25-9; 22,23349-26-0; 23, 23349-27-1; 
24c, 23328-08-7; 25b, 23328-09-8; 26a, 23328-10-1; 
26b, 23328-11-2; 26c, 23328-12-3; 26d, 23328-13-4; 
27, 23330-45-2; 28, 23328-15-6; 29a, 23328-16-7; 
29b, 23328-17-8; 29c, 23328-18-9. 
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Compound (V) 

CAS Registry Record: 

RN 13116-52-4 REGISTRY 

ED Entered STN: 16 Nov 1984 

CN Pregn-5-en-20-one, 3- (acetyloxy) -16, 17 -dimethyl- , <3p, 16a) - 

(9CI) (CA INDEX NAME) 
OTHER CA INDEX NAMES: 

CN Pregn-5-en-20-one, 3p-hydroxy-16a, 17-dimethyl- , acetate (7CI, 

8CI) 
OTHER NAMES: 

CN 16a, 17a-Dimethylpregnenolone acetate 
FS STEREOSEARCH 
MF C25 H38 03 

LC STN Files: BEILSTEIN* , CA, CAOLD, CAPLUS, CASREACT, CHEMCATS, USPATFULL 
(*File contains numerically searchable property data) 



Absolute stereochemistry. 




Me 



8 REFERENCES IN FILE CA (1907 TO DATE) 

8 REFERENCES IN FILE CAPLUS (1907 TO DATE) 

1 REFERENCES IN FILE CAOLD (PRIOR TO 1967) 



Oldest Lit Refs in Chem Abs: 



L16 ANSWER 1 OF 1 CAOLD COPYRIGHT 2006 ACS on STN 
AN CA59:10161f CAOLD 

TI gas chromatography of selected pregnenes and pregnanes 
AU Nelson, James P. 

IT 982-06-9 1769-67-1 1808-63-5 1863-39-4 2193-00-2 
2857-83-2 5456-44-0 6661-94-5 13116-52-4 14148-09-5 
14231-06-2 14279-42-6 16394-71-1 40148-10-5 55334-07-1 
56630-86-5 56784-22-6 56784-24-8 56792-49-5 101399-58-0 



2601-07-2 

55530-52-4 
101635-49-8 



L18 ANSWER 4 OF 6 HCA COPYRIGHT 2 006 ACS on STN 
AN 78:148118 HCA Full-text 

TI Preparation of formates of isomeric pregnane 5 , 6-bromohydrins 
AU Bayunova, V. I.; Akalaev, A. N. ; Pakhomov, V. P.; Grinenko, G. S. 
CS Vses. Nauchno-Issled. Khim.-Farm. Inst., Moscow, USSR 
SO Khimiya Prirodnykh Soedinenii (1973), 9(1), 39-45 

CODEN: KPSUAR; ISSN: 0023-1150 
DT Journal 
LA Russian 

GI For diagram (s), see printed CA Issue. 

AB Pregnenolone acetate was treated with aqueous HOBr in DMF to yield bromopregnanediol 
formates I and II and pregnanetriol acetate III (R = Rl = H) . Similarly, 16,17- 
dimethyl-pregnenolone acetate (IV) gave I and II (R = Rl = Me); and 16,17- 
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epoxypregnenolone acetate yielded I, II (RRl = 0) and 5a-bromo-16 , 17-epoxy-6P~ 
hydroxypregnenolone 3-acetate. IV was treated with aqueous HOBr in EtOAc to give 
the bromohydroxy- pregnanones V and VI (R = Rl = Me) . The 5 , 6-bromohydrin compds . 
yielded 5,6-epoxy derivs . when treated with KOAc or Kk2C03 . 
CC 32-5 (Steroids) 

IT 1778-02-5 13116-52-4 34209-81-9 

RL: RCT (Reactant); RACT (Reactant or reagent) 
(reaction of, with hypobromous acid and DMF) 

L18 ANSWER 5 OF 6 HCA COPYRIGHT 2006 ACS on STN 

AN 67:44004 HCA 

Full Text 

TI Synthesis of 17-bromo-16a-methylprogesterones 

AU Reimann, Hans; Sarre, Olga Z. 

CS Schering Corp. , Bloomfield, NJ, USA 

SO Journal of Organic Chemistry (1967), 32(7), 2321-4 

CODEN: JOCEAH; ISSN: 0022-3263 
DT Journal 
LA English 

GI For diagram (s), see printed CA Issue. 

AB In situ bromination of 16a-methylpregnane 2 0-magnesium enolates gives a mixture of 
the 17a-bromo- and 17p-bromo-20-oxo derivs. Utilizing this reaction, 17a-bromo-16a- 
methylprogesterone (II) and 17p-bromo-16a-methyl-17-isoprogesterone (I) were 
prepared from 16-dehydropregnenolone acetate (III). 21 references. 

CC 32 (Steroids) 

IT 982-06-9P 983-23-3P 13116-47-7P 13116-48-8P 13116-50-2P 
13116-51-3P 13116-52-4P 13143-64-1P 
RL: SPN (Synthetic preparation); PREP (Preparation) 
(preparation of) 

L18 ANSWER 6 OF 6 HCA COPYRIGHT 2006 ACS on STN 

AN 59:55330 HCA Full-text 
OREF 59 :10161f-h, 10162a 

TI Gas chromatography of selected pregnenes and pregnanes 
AU Nelson, J. P. 

CS Gen. Mills Res. Labs., Minneapolis, MN 

SO Journal of Gas Chromatography (1963), 1(3), 27-9 

CODEN: JGCRAY; ISSN: 0096-2686 
DT Journal 
LA Unavailable 

AB Relative retention times on SE-30 silicone gum and on QF-1-0065 fluorinated silicone 
both at 221° are given: (SE-30, QF-1-0065) for 5P~16-pregnene-3p-ol-20-one (0.55, 
2.17) and acetate (0.75, 3.78), 16-dehydropregnenolone (0.58, 2.42) and acetate 
(0.86, 4.04), pregnenolone (0.63, 2.76) and acetate (0.94, 4.81), 16a- 
methylpregnenolone (0.64, 2.64) and acetate (0.93, 4.16), 16a, 17a-epoxypregnenolone 
(0.66, 2.96), 16-methyl-16- dehydropregnenolone (0.74, 3.10) and acetate (1.12, 
5.31), 5p-pregnane-3p, 17a-diol-20-one (0.86, 3.45), 17a-hydroxypregnenolone (0.88, 
4.13) and acetate (1.25, 6.93), 5a, 6a-epoxy- 5a-pregnan-3p-ol-2 0-one (0.92, 5.88) and 
acetate (1.41, 11.4), 6p , 16a-dimethyl-5a-pregnane- 3P , 5a-diol-20-one (1.29, 6.41) 
and acetate (1.29, 10.8), 6p-methyl-5apregnane- 3P , 5a-diol-20-one (1.31, 7.13), 
16a, 17a-dimethylpregnenolone acetate (1.00, 5.10), 6 , 16a-dimethylpregnenenolone 
acetate (1.07, 4.20), 16p-methylpregnenenolone acetate (108, 4.40), 5p,6p- 
epoxypregnan-3p-ol-20-one 3-acetate (1.23, decompose) , 5a, 6a-epoxy-16-pregnen-3p-ol- 
20-one 3-acetate (1.32, 10.5), 5a-pregnane-3P , 17a-diol-2 0-one 3-acetate (1.32, 
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7.42), 5a, 6a: 16a, 17a-diepoxy-5a-pregnan- 3p-ol-20-one-3 acetate (15.0, not 
eluted) , 20,20- ethylenedioxypregnenenolone acetate (1.79, 4.30), 16a-methyl-20 , 20- 
ethylenedioxypregnenenolone acetate (1.85, 4.20), 16a-methyl- 5a, 6a-epoxy- 5a- 
pregnane-3P, 17adiol-20-one 3-acetate (2.44, not eluted), 5a, 6a-epoxy-20 , 2 0- 
ethylenedioxy- 5a-pregnan-3p-ol 3-acetate (2.80, 11.5), 5a, 6aepoxy- 16a-methyl- 
20, 20-ethylenedioxy- 5a-pregnan-3p-ol 3-acetate (2.85, 10.7). Relative retention 

times are given by the formula x = y + a + b + + n where x is the time of the 

substance to be calculated, y that of the parent substance, and a, b, . . . n, the 
contributions of substituent groups as follows (acetates): 16a-methyl (-0.01, - 
0.65), A16 (-0.08, -0.77), 16a, 17a-epoxy (0.06, 0.29), 16p-methyl (0.14, -0.41), 
17a-hydroxy (0.31, 2.12), 5a, 6a-epoxy (0.48, 6.59), 20 , 2 9-ethylenedioxy (0.85, - 
0.51), 6-methyl (0.14, 0.04); (alcohols): 16a-methyl (0.01, -0.12), A16 (-0.05, - 
0.34), 17a-hydroxy (0.25, 1.37), 5a, 6a-epoxy (0.29, 3.12). Results are within 1.5% 
of exptl. values, except in the case of 5a, 6a-epoxy-20 , 2 0-ethylenedioxy- 5a-pregnan- 
3p-ol 3-acetate on SE-30 which is 23% in error. 
CC 42 (Steroids) 

IT 570-53-6, 5p-Pregnan-20~one, 3p , 17-dihydroxy- 974-23-2, 
Pregn-5-en-20-one, 16a, 17-epoxy- 3p~hydroxy- 982-06-9, 
Pregna-5 , 16-dien-20-one, 3p-hydroxy-16-methyl- , acetate 1162-53-4, 
Pregna-5, 16-dien-20-one, 3p-hydroxy- 17 69-67-1, Pregn- 5-en-20-one, 
3p-hydroxy-16p-methyl- , acetate 1808-63-5, 
Pregna-5, 16-dien-20-one , 3p~hydroxy-16-methyl- 1863-41-8, 
Pregn-5-en-20-one, 3p-hydroxy-16a-methyl- , acetate 2193-00-2 , 
5a-Pregnan-20-one, 5 , 6a- epoxy- 3 p -hydroxy- 2857-83-2 , 
5a-Pregnan-20-one, 5 , 6a-epoxy-3p, 17-dihydroxy- lea- 
methyl-, 3-acetate 5456-44-0, 5a-Pregnan-20-one, 
3p, 17-dihydroxy-, 3-acetate 13116-52-4, Pregn- 5-en-20-one, 
3p-hydroxy-16a, 17 -dimethyl- , acetate 13 643-93-1, 
5p-Pregnan-20-one, 16a, 17-epoxy-3a, lip-dihydroxy- , 
cyclic ethylene acetal 14148-09-5, 5a-Pregnan-20-one , 
5 , 6a- epoxy- 3 p- hydroxy- , acetate 14231-06-2, 
5a-Pregnan-20-one, 5 , 6a : 16a, 17-diepoxy-3p-hydroxy- , 
acetate 14279-42-6, 5a-Pregn-16-en-20-one , 5 , 6a- epoxy - 
3p-hydroxy- , acetate 16394-71-1, Pregn- 5-en-2 0-one, 
3p-hydroxy-16a-methyl- 40148-10-5, Pregn- 5-en-20-one , 
3p-hydroxy-, cyclic ethylene acetal, acetate 55334-07-1, 
5a-Pregnan-20-one, 3p, 5-dihydroxy-6P , 16a-dimethyl- 
■ 56630-86-5 , 5a-Pregnan-2 0-one, 3p, 5-dihydroxy- 6p-methyl- 
56784-22-6, 5a-Pregnan-20-one, 5, 6a- epoxy- 3P~hydroxy- , 
cyclic ethylene acetal, acetate 56784-24-8, 5a-Pregnan-20-one, 
5 , 6a-epoxy-3P~hydroxy-16a-methyl- , cyclic ethylene 
acetal, acetate 56792-49-5, Pregn-5-en-20-one , 3 P -hydroxy- 16a- 
methyl-, cyclic ethylene acetal, acetate 101635-49-8, Pregn-5-en-2 0-one , 
3p-hydroxy-6 , 15a-dimethyl- , acetate 
(chromatography of) 
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The faster moving component was isolated by thick layer 
chromatography (silica gel H or alumina plates, 10% ethyl 
acetate-benzene) and had mp 140-142°. Attempts to isolate 
the slower moving component were unsuccessful, the band 
containing sisnificant amounts of the faster moving substance. 

When the isoflavanol (1 .0 g), mp 130-139°, was oxidized by the 
Jones procedure, 7-benzyloxy-4'-methoxyisoflavanone (0.57 g), 
mp 130.5-132.5°, was obtained as needles after recrystallization 
from methanol. The infrared spectrum contained major bands 
at 1689 (s), 1620 (s), 1587 (b), and 1521 (s), cm"'. The ultra- 
violet spectrum contained X^*? H 315 mM (log t 3.95) and 274 mp 
(log t 4.27). 

Anal Calcd for CaHzA (360.4): C, 76.65; H, 5.59. Found: 
C, 76.61; H, 5.55. 

C. 7-Benzyloxy-4'-methoxy-A*-isoflavene. — A solution of the 
isoflavanol (4.0 g), mp 131-139°, in chloroform (200 ml) was 
stirred at 0-5° and a stream of dry hydrogen chloride passed 
through with the aid of a gas dispersion tube. The reaction was 
allowed to proceed for 4 hr, after which tic (10% ethyl acetate- 
benzene) indicated complete dehydration. The deep orange 
organic solution was washed repeatedly with water until the 
aqueous layer afforded a pH reading of 5 and the organic layer 
was nearly colorless. After drying over a mixture of anhydrous 
sodium sulfate and sodium carbonate, the solvent was removed 
under reduced pressure to give a white, crystalline residue that, 
when dissolved in a minimum amount of boiling benzene and 
precipitated with methanol, provided a chromatographically 
uniform, white, microcrystalline solid (3.8 g), mp 142-150°. 
When recrystallized from benzene, the product was isolated as 
colorless plates (2.0 g), mp 154-155°. The infrared spectrum 
contained major bands at 1605 (s), 1570 fm), and 1500 (s) cm -1 . 
The ultraviolet spectrum contained \^ ( H 335 mn (log e 4.43) 
and 251 m^ (log « 4.22), 

Anal. Calcd for CnHsoOj (344.4): C, 80.21; H.5.85. Found: 
C, 80.48; H, 6.02. 

Hydrogenation of 7-Benzyloxy 4'-methoxy-AMsoflavene. — A 
suspension of the A 3 -isoflavene (0.3 g, 0.874 mmole) in glacial 
acetic acid (20 ml) was hydrogenated at atmospheric pressure 
over 10% palladium-charcoal (50 mg). Complete dissolution 
of starting material was observed after approximately 43 ml of 
hydrogen had been consumed (theoretical value for 1 mole = 



20.8 ml). The solution was filtered free of the catalyst by 
gravity and the filtrate was diluted with water to precipitate a 
crystalline solid. This solid consisted of two components (tic, 
benzene-PMA), which were facilely separated by fractional 
crystallization. When dissolved in methanol (10 ml), 7-benzyl- 
oxy-4'-methoxyisoflavan (53 mg), mp 126-127.5°, crystallized 
as chromatographically pure platelets. The infrared spectrum 
contained bands at 1620 (s), 1585 fm), and 1510 (s) cm-'. The 
ultraviolet spectrum contained aJL h 284 nu» (log e 3.76) and in- 
flections at 289 (3.63) and 280 (3.73). Another crop (10 mg) 
was obtained by careful concentration of the mother liquor. 

Anal Calcd for CwH^O, (346.4): C, 79.74; H ( 6.40. Found: 
C, 79.51; H, 6.74. 

The mother liquor from the above recrystallization was allowed 
to evaporate to dryness at room temperature, and the white, 
crystalline residue was recrystallized from benzene-petroleum 
(bp 30-60°) ether to give 7-hydroxy-4'-methoxyisonavan (66 
mg), mp 157-158.5°, with slight softening at 153°. This crop 
was chromatographically uniform in two solvent systems, benzene 
and 10% ethyl acetate-benzene. The infrared spectrum con- 
tained major bands at 3424 (s), 1605 (s), 1590 (s), and 1500 (s) 
cm -1 . The ultraviolet spectrum contained X"^* H 284 ium (log t 



3,73) and inflections at 289 (3.67) and 279 (3.69); 
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rmi (log c 3.72) and inflections at 286 (3.70) and 278 (3.60). 
A second crop (17 mg) was isolated as a result of further dilution 
with petroleum ether. Tic showed this fraction to be contami- 
nated to a very slight extent by the benzyloxy derivative. 

Anal Calcd for C 16 H 16 0 3 (256.3): C, 74.98; H.6.29. Found: 
C, 75.14; H, 6.31. 

Registry No.— 2a, 10499-07-7 ; 2b, 10499-08-8 ; 2c, 
10499-09-9; 4a, 10499-10-2; 4b, 10499-11-3; 6, 10499- 
12-4; 7a, 10499-13-5; 7b, 10499-14-6; 7-hydroxy-4'- 
methoxy-A 3 -isoflavene, 10535-63-4; 7-benzyloxy-4'-me- 
thoxyisoflavanol, 10535-64-5; 7-benzyloxy-4'-methoxy- 
isoflavone, 10499-15-7; 7-benzyloxy-4'-methoxy-AMso- 
flavene, 10499-16-8; 7-benzyIoxy-4'-methoxyisoflavan f 
10535-65-6; 7-hydroxy-4'-methoxyisoflavan, 10499- 
17-9. 



The Synthesis of 17*Bromo-16a-methylprogesterones 

Hans Reimann and Olga Zagneetko Sarre 
Natural Products Research Department, Schering Corporation, Bloomfield, New Jersey 07003 

Received February 14 t 1967 

In situ bromination of 16of-methylpregnane-20-magnesium enolates gives a mixture of the 17a-bromo- and 
17j3-bromo-20-keto derivatives. Utilizing this reaction, 17a-bromo-16a-methylprogesterone and 17/3-bromo- 
l6a-methyl-17-isoprogesterone were prepared from 16-dehydropregnenolone acetate. 



In recent years there has been considerable interest 
in the synthesis of Ha-bromoprogesterone 1 and some 
of its 6-substituted derivatives 2-6 in view of the en- 
hanced progestational activity exhibited by this 
class of compounds. An earlier communication from 
these laboratories 6 described the preparation of a 
number of 16-alkylated progesterones. We now re- 
port the synthesis of 17a-bromo-16a-methylpro- 
gesterone (VI) and 17/?-bromo-16a-methyl-17-isopro- 
gesterone (VII). 

(1) Ch. R. Enge) and H. Jahnlte, Can. J. Biochem. Pkyriol., S8, 1047 
(1957). 

(2) Cb. R. EdroI and R. Deghenghi, Can. J. Chem., 88, 452 (I960). 

(3) D. J. Marshall and R. Gaudry. ibid., 88, 1495 (I960). 

(4) J. S. Mills, O. Candiani, and C. DjcraBBi, J. Org. Chemrm, 1069 
(I960). 

(5) S. Rakhit, R. Deghenghi. and Ch. R. Enget, Con. J. Chem., 41. 703 
(1983). 

(6} E. Shapiro, T. Legatt, L. Weber, M. Steinberg, A. Watmck, M. Eieler, 
M. G. Hennesaey, C. T, Coniglio, W. Charney, and E, P. OUveto, J. Med. 
Phfirm. Chem., 8, 975 {1962). 



The reaction of 16-dehydropregnenolone acetate 
(I) with methylmagnesium bromide in the presence of 
cuprous chloride, followed by in situ bromination of 
the resulting Grignard complex, afforded, after treat- 
ment with sodium iodide to debrominate any 5,6- 
dibromide, a mixture of 17a-bromo-16a-methyIpreg- 
nenolone acetate (II) 7 and 17#-bromo-16a-methyl-l7-- 
isopregnenolone acetate (III). The 17o>bromo com- 
pound II, the major component of the mixture (90- 
95%), was obtained pure after column chromatography 
on silica gel. Fermentation of II with a culture of 
Flavobacterium dehydrogenantf** gave 17a-bromo-16a- 
methylprogesterone (VI). 

Direct dehydrohalogenation of the bromination mix- 
ture (II and III) with lithium bromide and lithium 

(7) P. DeRuggieri, Farmaco, Ed. Sci.. 16, 583 (1961). 

(8) C. Arnaudi. Zentr. Bakttriol. Paratitenk., Abt. II, 108 t 352 (1942). 

(9) A. L, Nuasbaum, F. E. Carlon, D. Gould, E. P. Oiiveto, E. B. Hersh- 
berg, M. L. Gilroore, and W. Charney, J . Am. Chem. So c „ 79, 4814 (1957). 
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carbonate in dimethylformarnide 7,10 resulted in selec- 
tive reaction of II to give 16-methyl-16-dehydropreg- 
nenolone acetate (V). n The 17£-bromo isomer III 
was isolated from the dehydrobromination mixture 
by selective crystallization of V, followed by chroma- 
tography of the liquors on silica gel. The purity 
of compounds II and III was established by their nmr 
spectra, in which the 170-bromo compound III ex- 
hibits a downfield shift of 19 cps for the C-18 methyl 
protons compared with the 17a-bromo isomer II (1.15 
and 0.83 ppm, respectively) , 12 

The structure of III follows from the method of 
synthesis and from the dehydrobromination under 
more forcing conditions in refluxing dimethylacet amide, 
to give the 16-methyl-16-dehydro compound V. Ro- 
tational differences between II and III (see the Experi- 
mental Section) and the infrared spectra are in accord 
with this assignment. It is of interest that 175- 
bromo derivatives have not previously been reported 
from the bromination of 20-keto steroids or their 
enol derivatives. In fact, a study by Wendler and 
coworkers 13 showed that in the 16-desmethyI series 
such bromi nations give the pure 17a-bromo analogs, 
while Heusler and co-workers 14 found no evidence of 
17,200-oxide formation in the epoxidation of a 16a- 
methyl-17(20)-enol acetate. On the other hand, 17/3 
attack has been observed to a minor extent in the reac- 
tion of 17-keto steroids with potassium acetylide, 15 
sodium phenylacetylide, 16 and methyl Grignard rea- 
gent. 17 The reaction of 5a-9(ll),16-pregnadien-3#-ol- 
20-one acetate with methyl Grignard reagent followed 
by in situ bromination as described above similarly 
gave a mixture of the 17a-bromo-16a-methyl deriva- 
tive and 5 to 10% of the 17/3-bromo isomer. 18 

Hydrolysis of compound III with potassium hydrox- 
ide gave the 3j8-hydroxy analog IV, which on Oppenauer 
oxidation was converted to 1 7/?-bromo-l 6o-me thy 1-17- 
isoprogesterone (VII). Alternatively, III was fer- 
mented with a culture of Flavobacterium dehydrogenans 
to afford VII directly, albeit in rather low yield. 
(See Scheme I.) 

The synthesis of 17-iodo-20-keto steroids has not 
been reported. In connection with the present work 
it was desirable to prepare a 17-iodoprogesterone deriva- 
tive. The addition of iodine to the Grignard complex 
from I, in situ, afforded 17a-iodo-16a-methylpregneno- 
lone acetate (VIII), the stereochemistry at C-17 being 
assigned on the basis of rotation and predominant a 
attack. Dehydroiodination of VIII with lithium 
bromide and lithium carbonate in dimethylformarnide 
yielded the 16-dehydro compound V. In addition to 
VIII, there was isolated from the iodination a minor, 
halogen -free product which was assigned structure IX, 

(10) R. Joly, J. Warnant, G. Nomine, and D. Bertin, Bull, Soc. Chim. 
France, 368 (1958), 

(11) A. Sandoval, G. Rosenkranz, and C. Djerassi, J. Am. Chcm. Soc. t 78, 
2383 (1951). 

(12) These nmr spectra were determined on a Varian A-60 instrument in 
deuteriochtoroforra. We express our thanks to Professor L. Mandell for 
obtaining the nmr spectra. 

(13) N. L. Wendler, R. P. Graber, and G. G. Haien, Tetrahedron, 8, 144 
(1968). 

(14) K. HeuBler, J. Kebrie. C. Meyatre, H. Ueberwasser, P. Wieland. 
O. Anner, and A. Wettstein, Hclv. Chim. Acta, 48, 2043 (1959). 

(16) T. Reichstein and Ch. Meystre, ibid., 88, 728 (1939). 

(16) L. Maralok, A. M. Giroud, and J. Jacques, Bull. Soc. Chim. Franca. 
1806 (1961). 

(17) K. Mieacber and W. Klarer. Heh. Chim. Acta, 88, 962 (1939). 

(18) H. Reimann and 0. Zagneetko Sarre, unpublished observations. 



16a,17a-dimethyl-5-pregnen-3|3-ol-20-one 3-acetate, on 
the basis of spectroscopic and analytical data. In 
particular, the nmr spectrum 19 of IX exhibited an addi- 
tional singlet methyl resonance at 1.01 ppm (or 1.04 
ppm, one of the two close three-proton singlets being 
due to the C-19 protons) which is ascribed to the new 
17a-methyl group. The formation of IX is rationalized 



Scheme I 




A 




II,X~Br III,R = COCHj 

VIII, X-I IV, R-H 

DC, X~CH 3 




as proceeding by methylation of the intermediate 
Grignard enolate complex 20 by methyl iodide, the latter 
being formed on reaction of excess methyl Grignard 
reagent with iodine. Compound VIII was rather 
unstable and attempts to convert it to a pure proges- 
terone derivative, either chemically or microbiologi- 
cally, were unsuccessful. 



(19) This spectrum was determined on a Varian A-60 A instrument in 
deuteriochloroform. We thank Mr. M. Yudis of the Physical Organic Chem- 
istry Department, Sobering Corp., for the measurement and for helpful 
discussions. 

(20) The alkylation of steroid 17(20)-enolates with alkyl balides hat been 
reported by R, Deghenghi and R. Gaudry [Tetrahedron Letters, 489 (1962)], 
and by M. J. Weiss, R. E. Schaub, J. R. Poletto, G. R. Allen, Jr., and C. J. 
Coscia [Chtm.Ind. (London), 118 (1963)]. 
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Experimental Section 21 

17a-Bromo-l&i-methyl-5-pregnen-30-ol-2O-one Acetate (II).— 
To a solution of methylmagnesium bromide, prepared from 0.240 
g of magnesium turnings and methyl bromide, in 20 ml of tetra- 
hydrofuran, was added under argon, with stirring, 50 mg of 
cuprous chloride, followed by a solution of 1.75 g of 16-dehydro- 
pregnenolone acetate in 10 ml of tetrahydrofuran . The mixture 
was stirred at room temperature for 30 min, then cooled in an 
ice bath, and a solution of 2.37 g of bromine in 5 ml of carbon 
tetrachloride was added with stirring at a rapid dropwise rate. 
The mixture was stirred for 5 min, then 50 ml of ether was added, 
and the excess bromine was reduced by the addition of 10% 
aqueous sodium bisulfite solution. The organic phase was sepa- 
rated, washed with 5% sodium bicarbonate solution followed by 
saturated sodium chloride solution, dried, and concentrated to 
a residue under reduced pressure. The residue was dissolved in 
50 ml of acetone, 3.0 g of sodium iodide was added, and the 
mixture kept at room temperature for 16 hr. It was then de- 
colorized with 10% aqueous sodium bisulfite solution and poured 
into cold water. The crystalline precipitate was filtered, washed 
with water, and dried to give 2.19 g of crude II, containing 5-10% 
of the 170-bromo isomer III. A sample of 1.00 g of the crude 
product was chromato graphed on silica gel. Fractions eluted 
with 2% ether-hexane were combined and crystallized from 
methylene chloride- methanol to give II (0.867 g), mp 185-187°. 
The analytical sample was recrystallized from the same solvent 
system: 135°; [a]u -126°; XX^ 1 5.78, 5,87, 8.10 M (lit. 7 mp 
174-176°). 

Anal. Calcd for CnH, s BrO,: C, 63.85; H, 7.82; Br, 17.70. 
Found: C, 63,78; H, 8.01; Br, 17,48. 

170-Bromo-16a-methyH7-iso-S-pregnen-3j3-ol-2O-one Acetate 
(III).— To a stirred suspension of 69.9 g of anhydrous lithium 
bromide and 60.0 g of anhydrous lithium carbonate in 1100 ml 
of dry dimethylformaraide was added 65.0 g of the crude mixture 
of II and III (prepared as above) and the mixture was heated 
under reflux with stirring for 1 hr. It was then cooled and poured 
into cold, dilute hydrochloric acid and the resulting precipitate 
was filtered, washed well with water, and dried to give 53.0 g 
of crude material. The latter was taken up in ether- methylene 
chloride, treated with decolorizing carbon, and crystallized with 
methanol, affording 29.7 g of 16-methyl-5,16-pregnadien-30-ol- 
20-one acetate (V), mp 171-172°. A sample was recrystallized 
from methylene chloride-methanol: mp 173-174°; X"*, H 252 
imi ( 1 9000)"; infrared spectrum identical with that of an authentic 
sample (lit. 11 mp 176-178°). 

The filtrate from the original crystallization was concentrated 
to a residue which was chromatographed on silica gel. Fractions 
eluted with 2% ether-hexane were combined and crystallized 
from ether-methanol to give a total of 3.02 g of the 170-bromo 
compound III, mp 142-143°. The analytical sample was ^re- 
crystallized from ether-methanol: mp 143°; [ot]D +10°; XX^J 01 
5.73,5.87,8.00/1. 

Anal. Calcd for C M H„BrO,: C, 63.85; H, 7.82; Br, 17.70. 
Found: C, 63.55; H, 7.63; Br, 17.53. 

Dehydrobromination of 170-Bromo-16cr-methyl-l7-iso-5- 
pregnen-30-ol-2O-one Acetate (III).— To a solution of 100 mg of 
III in 5 ml of dry N,N-dimethylacetamide was added 235 rug 
of anhydrous lithium bromide and 190 mg of anhydrous lithium 
carbonate. The mixture was heated under reflux for 3.5 hr, 
then poured into 10% hydrochloric acid-ice, and the resulting 
precipitate was filtered, washed well with water, and dried, 
giving 75 mg of crude product. Crystallization from ether- 
methanol, after treatment with decolorizing charcoal, afforded 
36 mg of 16-methyl-5,16-pregnadien-30-ol-2O-one acetate (V): 
mp 172-173°; infrared spectrum identical with that of an au- 
thentic sample. 

l7a-Bromo-16a-methyl-4~pregnene-3,20-dione ( 17a-Bromo- 
16a-methylprogesterone) (VI) . — 17o-Bromo-16a-methyl-5-preg- 
nen-3)S-ol-20-one acetate (500 mg) was incubated with a culture 
of Flavobacterium dehydrogenans for 67 hr. The fermentation 
mixture was extracted with chloroform and the extracts were 
concentrated to a residue which was crystallized from acetone, 
after treatment with decolorizing charcoal, to give 231 mg, mp 
192-195° dec. Crystallization from methylene chloride- 



(21) Melting points were determined on a Fisher-Johns apparatus. 
Rotations were measured in dioxane. The physical and analytical data were 
obtained by the Physical Chemistry Department, Sobering Corp. Purity 
of compounds was checked by thin layer chromatography on silica gel. 



methanol afforded VI ( 199 mg), mp 199-203° dec. The analytical 
sample was further purified by thick layer chromatography on 
silica gel. The ultraviolet absorbing zone was eluted with 
methylene chloride and the product was crystallized with metha- 
nol: mp 197-201° dec; [a)x> -36°; X™ 1 240 mji (e 16,900); 
XXj^ 1 5.86, 6.01, 6.16 p. 

Anal. Calcd for CnHj.Brd: C, 64.86; H, 7.67; Br, 19.62. 
Found: C, 64,76; H, 7.64; Br, 20.00. 

17£-Bromo-16a-m ethyl- 174so-5-pregnen-30-o!-2O-one (IV) . — A 
solution of 500 mg of compound III in a mixture of 30 ml of a 5% 
solution of potassium hydroxide in 95% aqueous methanol and 
5 ml of methylene chloride was stirred under nitrogen at room 
temperature for 1 hr. The mixture was diluted with ice water, 
acidified with acetic acid, and extracted with methylene chloride. 
The extracts were concentrated and the product was crystal- 
lized from acetone-hexane to afford IV (410 mg), mp 197°. 
Recrystailization from acetone-hexane gave the analytical sam- 
ple: mp 197-198°; [a]D +10°; XX^ 2.82, 5.90 m- 

Anal. Calcd for CsjHwBrO,: C, 64.54; H, 8.12; Br, 19.52. 
Found: C, 64.80; H, 8.30; Br, 19.58. 

170-Bromo-i6a-methyM7-Uo-4-pregnene-3,2O-dione ( 170- 
Bromo-16a-methyH7-isoprogesterone) (VII). A. From IV by 
Oppenauer oxidation. — To a solution of 600 mg of the 30- 
hydroxy-A*-compound IV in 12 ml of anhydrous toluene contain- 
ing 2.5 ml of cyclohexanone was added a solution of 500 mg of 
aluminum isopropoxide in 10 ml of toluene and the stirred mixture 
was heated under reflux for 1.5 hr. The mixture was slightly 
cooled and 2 ml of water was added. The excess water was 
azeotroped off, the cooled solution was filtered, and the filtrate 
was steam distilled. The solid obtained on cooling of the pot 
residue was filtered and chromatographed on silica gel . Fractions 
eluted with 8% ether-hexane were combined and crystallized 
from methylene chloride-methanol to give a total of 390 mg of 
VII, mp 172-173°. Recrystailization afforded the analytical 
sample: mp 173°, [ajD +133°; X*? H 239 mp (< 17,600); 
XXST 1 5.90, 5.99, 6.21 M - 

Anal Calcd for CH^BK^: C, 64.86; H, 7.67; Br, 19.62. 
Found: C, 64.65; II, 7.79; Br, 19.36. 

B, From III by Fermentation with Flavobacterium dehydro- 
genans —A sample of 500 mg of the 3-acetate HI was incubated 
with a culture of Flavobacterium dehydrogenans for 12 hr. The 
fermentation mixture was extracted with chloroform and the 
extracts were concentrated to a residue which was taken up in 
acetone, treated with decolorizing charcoal, and crystallized from 
acetone-methanol to afford a total of 273 mg of crude VII. The 
material was chromatographed on silica gel, giving 128 mg of 
pure VII: mp 170-172°; [«]d +133°; >CT 241 m**(« 16,900); 
infrared spectrum very similar to that of VII prepared as described 
in part A . 

17or-Iodo-16a-metbyl-5-pregneB-30-ol-2O-one Acetate (VIII) and 
16a,l7a-Dimethyl-5-pregnen-3/S-ol-20-one Acetate (IX).— To a 
solution of methylmagnesium bromide, prepared from 0.240 g 
of magnesium in 20 ml of tetrahydrofuran, containing 50 mg of 
cuprous chloride, was added with stirring a solution of 1.75 g 
of 16-dehydropregnenolone acetate in 10 ml of tetrahydrofuran. 
The mixture was stirred at 10° for 25 min; then a solution of 2.5 
g of iodine in 10 ml of tetrahydrofuran was added dropwise until 
a permanent coloration was obtained (about 5 ml of the solution 
was added) . The mixture was stirred for 5 min, then poured into 
cold water. The resulting precipitate was filtered, suspended in 
ether, and shaken with a saturated, aqueous solution of ammo 
nium chloride. The latter was separated and washed with ether 
and the ethereal solutions were combined, washed with ammo- 
nium chloride solution and water, dried, and concentrated to an 
oil which solidified on cooling. Trituration with cold methanol 
gave 1.90 g of solids. Chromatography of 600 mg of the crude 
product on silica gel and elution with 2% ether-hexane, followed 
by crystallization from methanol gave 400 mg of VIII: mp 129° 
dec; [cr]D -148°; XX^* 1 5.76, 5.90, 8,05 M . 

Anal. Calcd for CmHjJO,: C, 57.83; H, 7.08; I, 25.46. 
Found: C, 57.87; H, 7,20; 1,25.02. 

Further elution with the same solvent system gave, after a 
short break, additional solid fractions which were combined and 
crystallized from methylene chloride-methanol to afford 45 mg 
of IX: mp 218-219°; [a)i> -64°; XX^ 1 5.76, 5.90, 8.12 p. 

Anal. Calcd for CjiHwOa: C, 77.67; H, 9.91. Found: C, 
77.36; H, 9.79. 

Dehydroiodination of 17a-Iodo-16a-methyl-$-pregnen-30-ol-2O- 
one Acetate (VIII) . — To a solution of 200 mgof 17o-iodo compound 
VIII in 5 ml of anhydrous dimethylformamide was added 235 
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mg of dry lithium bromide and 190 mg of dry lithium carbonate. 
The mixture was heated under reflux for 45 min, then cooled, 
and poured into dilute hydrochloric acid. The precipitate was 
filtered, washed, and dried, giving 124 mg of crude V. Chro- 
matography on silica gel, elution with 2% ether-hexane, and 
crystallization from methylene chloride-methanol gave 38 mg 
of 16-dehydro-16-methylpregnenolone acetate (V): mp 170- 
172°; X^" 251 im* (« 8600); infrared spectrum matches that 
of an authentic sample. 



Registry No.— II, 983-23-3; III, 13116-47-7; IV, 
13116-48-8; V, 982^06-9; VI, 13116-50-2; VII, 13116- 
51-3; VIII, 13143-64-1; IX, 13116-52-4. 
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The treatment of erythronolide B and its derivatives with aqueous acid establishes an equilibrium between 
the hydroxy ketone and its corresponding 6,9-hemiketal or derived enol ether. An enol ether has been isolated 
from the treatment of triacetylerythronolide B. Further reaction of this enol ether with anhydrous acid caused 
elimination of the allylic acetoxy group giving a conjugated enol ether. Hydrolysis of this compound led to the 
formation of two anhydroerythronolide B derivatives, one of which was a member of the previously unknown 
8-epi-erythronolide B series. 



Erythronolide B (l) 1 is the 14-membered lactone 
portion of erythromycin B 4 (3), one of the macrolide 
family of antibiotics. 5 It has been shown to be an 
effective biological precursor of the erythromycins. 6 
Even though erythromycin B has been shown to be 
more stable to acid than erythromycin A, 7 it is not pos- 
sible to obtain erythronolide B by removal of the sugars, 
cladinose and desosamine, because the lactone ring is 
degraded during the severe hydrolysis procedure needed 
to remove the amino sugar. Similarly, erythronolide 
A (2) cannot be obtained from erythromycin A (4) 
because of extensive acid-catalyzed degradation. 8 
Since we had available to us a large supply of erythrono- 
lide B from a fermentation procedure, 9 we decided to 
examine the nature of the acid-catalyzed degradation 
of this ring system (Scheme I). 

It has been postulated that the acid-catalyzed deg- 
radation of erythromycin A involves the formation of 
a hemiketal bond between the carbonyl at C-9 and one 
of the tertiary hydroxyls at C-6 or C-12, followed by or 
concomitant with participation of the second tertiary 
hydroxy 1 giving a spiroketal. 8 Erythromycin B (and 
erythronolide B) does not have the tertiary hydroxyl 
at C-12, precluding the possibility of spiro ketal for- 
mation. 4 It should be possible, however, for a hemi- 
ketal bond to form between the carbonyl and the 
tertiary hydroxy] at C-6, and formation of the hemi- 

(1) Stereochemistry is based on that determined for erythromycin A.*- 1 
The structural formula used does not imply a particular conformation of the 
molecule but is merely a convenient planar representation of the 14-mem- 
bered ring. Similarly, the double-bond geometry of the olefinio derivatives 
is not speoified by the use of this planar structure. 

(2) D, R. Harris, S. G. McCeachin, and H. H. Mills, Tetrakedron Letter*, 
679 (1965). 

(3) W. D. Celmer, J. Am. Chem. Soc, 87, 1801 (1965), 

(4) P. F. Wiley, M. V. Sigal, Jr., O. Weaver, R. Mouahan, and K. Genoa, 
ibid.. 79, 6070 (1957). 

(5) M. Berry, Quart, Rev. (London), 17, 343 (1963), 

(6) P. P. Hung, C. L. Marks, and P. L. Tardrew, J. Biol. Chem., 340, 1322 
(1965). 

(7) R. K. Clark, Jr., and M. Taterka, Antibiot. Chemotherapy, 5, 206 
(1955). 

(8) P. F. Wiley, K, Gerzon. E. H. Flynn, M. V. Sigal. Jr„ O. Weaver, 
U. C. Quarck, R. R. Chauvctte, and R. Monahan, J. Am. Chem. Soc., 79, 
6062 (1957). 

(9) P. L. Tardrew and M. A. Nyman, U. S. Patent 3,127,315 (1964). 



Scheme I 




3 R = H 

4 R-OH 

ketal 5 may be the first step in the acid-catalyzed deg- 
radation of the erythronolide B ring system. Since 
the ultraviolet absorption spectrum of erythronolide 
B contains an absorption maximum at 288 m^ (< 39) 
due to the C-9 ketone, it was felt that the formation 
of a hemiketal could be followed by observing the dis- 
appearance of this peak. 10 Solutions were made of 
erythronolide B (1%) in methanol containing different 
concentrations of hydrochloric acid, and the absorb- 
ance of each solution at 288 m/i was recorded as a func- 
tion of time. The rate of decrease in absorbance was 
very fast, even at low concentrations of acid. The 
half-life of the ketone function at room temperature 
in 10~ 4 M methanolic hydrochloric acid was slightly 
less than 4 min. 

(10) Tbia experiment was suggested by Dr. P. H. Jones. Preliminary 
observations of this effect were carried out by Dr. M. A. Nyman. 
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Compound (VI) 
CAS Registry Record: 

RN 5297-33-6 REGISTRY 

ED Entered STN: 16 Nov 1984 

CN Pregn-5-en-20-one, 3- (acetyloxy) -16-ethyl- , (30, 16a)- (9CI) 

(CA INDEX NAME) 
OTHER CA INDEX NAMES: 

CN Pregn-5-en-20-one, 16a-ethyl-3p-hydroxy- , acetate (6CI, 7CI, 
8CI) 

FS STEREOSEARCH 
MF C25 H38 03 

LC STN Files: BEILSTEIN* , CA, CAOLD, CAPLUS, CHEMCATS , USPATFULL 
(*File contains numerically searchable property data) 



Absolute stereochemistry. 




6 REFERENCES IN FILE CA {1907 TO DATE) 

6 REFERENCES IN FILE CAPLUS (1907 TO DATE) 

2 REFERENCES IN FILE CAOLD (PRIOR TO 1967) 



Oldest Refs in Chem. Abs.: 



L21 ANSWER 1 OF 2 CAOLD COPYRIGHT 2006 ACS on STN 
AN CA64:6715d CAOLD 

TI Beckmann rearrangement of pregna-5-16-dien-3p-ol-20-one acetate with 
BF3 

AU Romo, Jesus; Romo de Vivar, A. 

IT 853-23-6 5040-79-9 5040-81-3 5040-82-4 5040-83-5 5040-84-6 
5040-85-7 5040-86-8 5040-87-9 5040-88-0 5040-89-1 5040-90-4 
5040-91-5 5040-92-6 5040-93-7 5040-94-8 5040-95-9 5040-96-0 
5040-97-1 5040-98-2 5088-57-3 5088-58-4 5088-59-5 5088-60-8 
5088-61-9 5088-62-0 5088-63-1 5088-64-2 5154-40-5 5297-31-4 
5297-32-5 5297-33-6 5297-34-7 5488-41-5 6083-95-0 
6083-96-1 96275-48-8 
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HI, but in a similar expt. the isome l^lZor^-pregnene-S.lS,- 

15,20-tetraone, m. 218 T &-21 0 (aq. e?CO), (aJi> 6 155° =b 2' * p 

(CHCWt was obtained; it was also formed when 21 mg. Ill was \^ 
treated in 1 ml. MeOH with 25 mg. p-McC^HtSO^H 3.5 hrs. at d ext£ 

22°. The 2NLM.R. data of these compds. in CDClj are given g p 

and are discussed. F. E. Brauns t ^ e 

The Beckrnann rearrangement of pregna-5,l6-dien-3£-ol- m . 

20-one acetate with boron triflaoride. J. Romo and A. Romo de a pp 

Vivar (Univ. Anatomia, Mexico, D.F,), Rev. Sac* Quim. Mex. § 

6(3), 77-86(1962)(Span). The Beckrnann rearrangement of A]d 
2O^cctoximinopregna-5,16-dien-30-o! acetate catalyzed with 
BF 3 in benzene as solvent gave dehydroepiandrosterone as 6nal 
product. However, when the reaction was performed using as 
solvent Ac*0, lZ^-methyWg-norisopregna-S^lS-diene^Jda-diol- 
20-oae diacetate (I) and l&-acetyl-17*acetamidoandrosta-5,16' e 

dien-3/?~ol (II) were obtained. I had \ 5.80 p with inflection m 

in 5.88 *x. I formed an oxitne and gave a diepoxide when treated thio 

with perberizoic acid, II was shown to contain N. For further turc 

identification several derivs* of both I and II were prepd. and p re j 

identified. The reaction is useful to prep, androstane derivs. t fc e 

starting from A ts -20-ketones. R. Manciila anc j 

Synthesis of 17a-hydroxyprogesterone caproate. A.M. Veits- \ om 

man and N. T. Moleva (Med. Inst*, Lvov), Fatmatsevt. Zh. \^ on 

(Kiev) 20(1), 10-13(1965){Ukrain). 17«-Hydroxy progesterone m 

L21 ANSWER 2 OF 2 CAOLD COPYRIGHT 2006 ACS on STN 
AN CA55 :1697a CAOLD 

TI Beckrnann rearrangement of the acetoxime of 5 , 16-pregnadien-3p~ol-20- 

one acetate with BF3 
AU Romo, Jesus; Romo de Vivar, A. 

IT 853-23-6 5040-79-9 5040-81-3 5040-84-6 5040-85-7 5040-86-8 
5040-87-9 5040-88-0 5040-90-4 5040-91-5 5040-92-6 5040-93-7 
5040-94-8 5040-95-9 5088-59-5 5088-60-8 5088-61-9 5088-62-0 
5088-63-1 5154-40-5 5297-31-4 5297-32-5 5297-33-6 
5297-34-7 5488-41-5 118726-04-8 

1901 1697 lOJ—Sierc 

' cki-" 1 where V showed only 3 bands. an 

C, K, Addinnlt flu 

Beckrnann rearrangement of the acetoxime of $,16»preg- Ac 

nadiea-30-ol-2O-oae acetate with boron trifluoride. J. pr* 

Romo and A. Rosno de Vivar (Univ. Mexico, Mexico a 11 
City). J\Am. CW Sc*. B\ $ 3440-52(19^9).— Bcckmann 

rearrangement of r^-acaioxy-5,16-preg«adten-20-orw: acct- 12 

oiinwr with BF>-BtjO ift benstene yielded dehydroepiaisdros- in* 

tcrortc acetate, whereas in AcsO Use reanrangeineflt followed _ th> 

a different course and two products were isolated: J7g- pr 

methyl- lS*nor*$.13( l4>tafcopregnadiene->*5a f I6a-di6l-20-ocic 0.1 

dteoctatc <l) nnd I^acety1-!7-a€etaraklo^,16-aTidrostadien- A< 

3£-ol acetate <H). Several derivs. of these eotnpds. were kc 

prepd. 5n the process of establishing their structure. Li- (fi 

AlK 4 redn. of I afforded the 3.16.20-triol, m. 202-204% («| w< 

— 2Cfr°. The oxo group in I was eliminated by hydro- £u 

genolvsis of the cyci'octhjrlrne mcrcaptot, m. 137-40* [c*W to 

-108° r whereupon the diacetate, m. 123-4°, l«r|\? -176% H* 
wits obtained. KHCOs sapon. of the dmcetate g*ve the - 3 

rn^noartftjue which, on Oppcnaucr oxidri.. afford cd the an 

A*-3-kctone. II was hydrolyzed with KOH to remove the k 

acetate groups and the hitter ben soy late*! with BxCl in pyr- #0 

idinc to give the dibetn&mte, m. 279-Sl c , W¥ -44*. c 20 

B«ti2!oyhition bv the Schotttf>-Buvima.nn method gave the 1 

monobentoate m. 218-20*, MV -51°. Oflpfcuauer tw 

oxidn. of III yielded l6^cetyl'l7*b€nzamido^,i6-andro®- wi 

tadicn-3-one. .in. 221-2°, |«) V M\ D. P- Langlois ~~ 

Compouads related to the steroid hormones. L Prep-— - 
amtio» «od reactions of some 1 1 -methyl steroids. J. 
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TI Methylation or ethylation agents comprising trimethylaluminum, 

tiethylaluminum, or diethyl zinc and catalytic copper compounds for 
conjugate addition reactions 

IN Westermann, Juergen; Nickisch, Klaus 

PA Schering A.-G., Germany 

SO Eur. Pat. Appl . , 18 pp. 
CODEN: EPXXDW 

DT Patent 

LA German 

FAN.CNT 1 
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OS CASREACT 119:117611; MARPAT 119:117611 

AB Ethylating or methylating agents consist of Me3Al, Me2Zn or Et3 Al combined with 
catalytic quantities of >1 Cu(I) and/or Cu(II) compound Thus, a mixture of 
androsta-1 , 4-dien-3 , 17-dione and CuBr in dioxane was treated with Me3Al in PhMe at < 
35° to give 77% la-methylandrost-4- en-3 , 17-dione . 
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AN 64:36099 HCA Full-text 
OREF 64:6715d-f 

TI The Beckmann rearrangement of pregna- 5 , 16-dien-3p-ol~2 0-one acetate 

with boron trifluoride 
AU Romo, J.; de Vivar, A. Romo 
CS Univ. Anatomia, Mexico, D.F. 

SO Revista de la Sociedad Quimica de Mexico (1962), 6(3), 77-86 

CODEN: RSQMAN; ISSN: 0583-7693 
DT Journal 
LA Spanish 

AB The Beckmann rearrangement of 20-acetoximinopregna-5 , 16-dien-3p-ol acetate catalyzed 
with BF3 in benzene as solvent gave dehydroepiandrosterone as final product. 
However, when the reaction was performed using as solvent Ac20, 17p-methyl-18- 
norisopregna-5 , 13- diene-3P , 16a-diol-2 0-one diacetate (I) and 16-acetyl-17- 
acetamidoandrosta-5, 16-dien-3p-ol (II) were obtained. I had X 5.80 |a with 
inflection in 5.88 (a. I formed an oxime and gave a diepoxide when treated with 
perbenzoic acid. II was shown to contain N. For further identification several 
derivs. of both I and II were prepared and identified. The reaction is useful to 
prepare androstane derivs. starting from A16-20-ketones . 
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AN 55:8299 HCA 

& 

Full Text 
OREF 55:1697a-c 

TI Beckmann rearrangement of the acetoxime of 5 , 16-pregnadien-3p-ol-20- 

one acetate with boron trifluoride 
AU Romo, J.; de Vivar, A. Romo 
CS Univ. Mexico, Mexico City 

SO Journal of the American Chemical Society (1959), 81, 3446-52 

CODEN: JACSAT; ISSN: 0002-7863 
DT Journal 
LA Unavailable 
OS CASREACT 55:8299 

AB Beckmann rearrangement of 3p~acetoxy-5 , 16-pregnadien-2 0-one acetoxime with BF3-Et20 
in benzene yielded dehydroepiandrosterone acetate, whereas in Ac20 the rearrangement 
followed a different course and two products were isolated: 17p-methyl-18-nor- 
5, 13 (14) -isopregnadiene-3p, 16a-diol-2 0-one diacetate (I) and 16-acetyl-17- 
acetamido-5 , 16- androstadien-3p~ol acetate (II). Several derivs . of these compds . 
were prepared in the process of establishing their structure. LiAlH4 reduction of I 
afforded the 3 , 16 , 20- triol , m. 202-204°, [a] -207°. The oxo group in I was 
eliminated by hydrogeno lysis of the cycloethylene mercaptol, m. 137-40°, [a]20D - 
108°, whereupon the diacetate, m. 123-4°, [a] 20D -176°, was obtained. KHC03 
saponification of the diacetate gave the monoacetate which, on Oppenauer oxidation, 
afforded the A4-3-ketone. II was hydrolyzed with KOH to remove the acetate groups 
and the latter benzoylated with BzCl in pyridine to give the dibenzoate, m. 279-81°, 
[a]20D -44°. Benzoylation by the Schotten-Baumann method gave the monobenzoate 
(III), m. 218-20°, [a]20D -51°. Oppenauer oxidation of III yielded 16-acetyl-17- 
benzamido-4, 16-androstadien-3- one, m. 221-2°, [<x]20D 94°. 
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tered off and washed well with chloroform and the com- 
bined washings and nitrates were evaporated to dryness with 
the rotary evaporator. The brown solid residue was ex- 
tracted with 100 ml. of boiling benzene, the benzene evap- 
orated and the residue recrystallized from methanol to give 
0.8 g. (50%) of pale yellow needles of 21-methoxv-4-formvl- 
tropone of m.p. 183-184°. The reported m.p. was 182-183°. 

2-Methoxy-4-carboxytropone (XI). — To a cold basic sus- 
pension of fresh silver oxide, prepared by adding 6.8 g. (0.04 
mole) of silver nitrate to a solution of 2.8 g. (0.07 mole) of 
sodium hydroxide dissolved in 100 ml. of water, was added 
3.3 g. (0.02 mole) of 2-methoxy-4-formyltropone over 15 
min. with stirring. The mixture was allowed to stand at ice- 
bath temperature for an additional half-hour then warmed 
to room temperature over one-half hour. The silver was 
filtered off and washed with water and the solution acidified 
with cold 10% hydrochloric acid. The precipitated acid 
was filtered off and recrystallized from 25% methanol in 
water to give 2.5 g. (70%) of pale yellow needles of 2-raeth- 
oxv-4-carboxytropone, m.p. 253-254°. The reported m.p. 1 
was 258°. 

2-Amino-4-carboxytropone (XII). — 2-Methoxy-4-carboxy- 
tropone (1 .7 g.) and liquid ammonia (20 ml.) were sealed in 
a glass tube and the tube was stored in a steel bomb for 3 
days at room temperature, (On some of the runs the tube 
exploded inside of the bomb. This could be largely pre- 
vented by charging the bomb with about 150 p.s.i. of N\> 
after introducing the frozen (Dry Ice) tube and later cooling 
the entire apparatus to Dry Ice temperature before opening 
the bomb.) The contents of the tube were then transferred 
to a beaker and the ammonia was allowed to evaporate 
(caution: splattering). The solid residue was taken up in 
25 ml. of water and acidified with 10% hydrochloric acid. 
The precipitated acid was filtered off and weighed 1.45 g. 
(93%). Three recrystallizations from aqueous ethanol gave 
the analytical sample as small orange needles, m.p. 280° 
d. (sealed tube). 

Anal. Calcd. for C a H 7 0 3 N: C, 58.18; H, 4.28. Found: 
C. 57.93; H, 4.41. 

2-Acetamino-4-carboxytropone (XIII). — Treatment of 2- 
amino-4-carboxytropone with excess acetic anhydride in 
pyridine on the steam-bath for 45 min. followed by acidi- 
fication with 10% hydrochloric acid in ice gave a yellow- 
brown solid. Two recrystallizations from ethanol with de- 
colorizing charcoal gave a pale yellow powder of m.p. 230° 
dec. (sealed tube). 

Anal. Calcd. for CioH 9 0 4 X: C, 57.97; H,4.38. Found: 
C, 57.50; H, 4.50. 

Acid Chloride of 2-Acetamino-4-carboxytropone. — To a 
stirred suspension of 0.25 g. of the dry potassium salt of 2- 
acetamino-4-carboxytropone in 10 ml. of benzene was added 
0.1 ml. of oxalyl chloride in 5 ml. of benzene. Stirring was 
continued for 3 hr. at room temperature during which time a 



gas was evolved and the solution became yellow. The 
mixture was filtered and evaporated to dryness on the rotary 
evaporator to give the crude acid chloride as a yellow solid. 
Treatment with p-bromoaniline in benzene gave the p- 
bromoanilide derivative which melted, after two recrystalli- 
zations from benzene, at 225-227°. 

Anal, Calcd. for C l6 H„0 3 N 2 Br: C, 53.20; H, 3.63; 
Found: C, 53.52; H, 3.89. 

2-Amino-6-styryltropone (VI). — A mixture of 1.5 g. of 
2-methoxy-6-styryltropone(Va)and30 ml. of liquid ammonia 
was allowed to stand in a sealed tube at room temperature 
for 45 hr. After evaporation of the ammonia the product 
was recrystallized from 100 ml. of benzene to give 0.85 g. of 
orange plates, m.p. 135-136°. An additional 0.35 g. was 
obtained by treating the filtrate with decolorizing charcoal 
and evaporating to 20 mi. The total yield was 1.2 g, (86%). 
Three more crystallizations from benzene (with charcoal 
treatment) gave the analytical sample as sparkling golden 
plates, m.p. 137-138°. 

Anal. Calcd. for Ci 5 H I3 NO: C, 80.69; H.5.87. Found: 
C, 80.24; H, 5,80. 

The acetyl derivative Via was prepared with acetic an- 
hydride and pyridine, and melted, after three crystalliza- 
tions from heptane containing 5% of benzene, at 179.5- 
181°. 

Anal. Calcd. for Ci 7 H ls N0 2 : C, 76.96; H, 5.70. Found: 
C, 76.96; H, 5.98. 

2-Hydrazino-6-styryltropone (VII). — To a suspension of 
0.238 g. of 2-methoxy-6-styryltropone in 1 ml. of methanol 
and 1 ml. of dioxane was added 0.1 g. of 95% hydrazine. 
The mixture was warmed on the steam-bath for 5 min . and 
cooled; the crystals were collected (0.21 g., 88%) and 
after three crystallizations from methanol gave brilliant 
red crystals, ra.p. 162.5-163.5°. 

Anal. Calcd. for CisHhNjO: C, 75.60; H, 5.92. Found: 
C, 75.91; H, 5.79. 

4-(£-Carboxyvinyl)-tropolone (XIV). — A mixture of 0.75 
g. of 4-formyltropolone, 0.52 g. of malonic acid, 1 ml. of 
piperidine and 20 ml. of pyridine was heated on the steam- 
bath for 12 hr. The resulting solution was poured over ice 
and acidified with 10% hydrochloric acid and the acidic 
solution was continuously extracted with ether for 24 hr. 
Evaporation of the dried ether solution and recrystalliza- 
tion of the solid residue from ethanol gave yellow needles 
of 4-(0-carboxy vinyl )-tropolone, m.p. 226.5-227.5° dec. 
(sealed tube). The compound gave an immediate green- 
brown color with ethanolic ferric chloride solution. 

Anal. Calcd. for C l0 H 8 O,: C, 62.60; H, 4.20. Found: 
C, 62.84; H, 4.37. 

Rochester 20, N. Y. 
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The Beckmann Rearrangement of the Acetoxime of A 516 -Pregnadien-3/3-ol-20-one 

Acetate with Boron Trifluoride 

By J. ROMO AND A, ROMO DE Vivar 
Received December 11, 1958 

Beckmann rearrangement of AM«-pregnadien-3,3-acetoxy-20-acetoximino (lb) with boron trifluoride etherate in benzene 
afforded dehydro epiandrosterone acetate (lib), whereas in acetic anhydride the rearrangement followed a different course 
aud two products were isolated : 17£-rnethyl-18-nor- ^"("Msopregnadien-SS.iea-diol^O-one diacetate (Ilia) and 16-acetyl- 
17-acetylamino-A*' l6 -audrostadien-3/3-ol acetate (Vila); several derivatives are described. 



The Beckmann rearrangement of A 516 -pregna- 
dien-3/3-ol-20-one 3 -acetate 20-oxime (la) has been 
studied by G. Rosenkranz, et aL x Using £-acet- 
amidobenzenesulfonyl chloride as catalyst, the 
reaction afforded dehydroepiandrosterone (Ha) 
and working under appropriate conditions the in ter- 

(1) G. Rosenkrans, O. Mancera, F. Soadheimer and C. Djerassi, 
J. Org. Chcm., 21, 520 (1956). 



mediate amide VI could be isolated. In view of 
the current interest in this degradation of A l6 -20- 
ketones to androstane derivatives we considered 
the use of boron trifluoride as catalyst in this reac- 
tion. Recently Hauser and Hoffenberg 2 have 
used boron trifluoride in the Beckmann rearrange- 

(2) Ch. R. Hauser and D. S. Hoffenberg, This Journal, 77, 4885 
(1955). 
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ment of some acetoximes and obtained in fairly 
good yield the corresponding amides. Therefore 
the 20-acetoxime of A 5 - l8 -pregnadien-3£-ol-20-one-3- 
acetate (lb) was prepared and subjected to the ac- 
tion of boron trifluoride etherate in benzene solu- 
tion and thus there was obtained dehydroepiandros- 
terone acetate (lib) ; but when the rearrangement 
of the acetoxime lb or the oxime la was carried in 
acetic anhydride it undertook a different course and 
two products A and B, were isolated by chromato- 
graphic separation. Product A analyzed for C25- 
H 34 0 5 , showed m.p. 216-218°, [<*] 20 d -14° (CH- 
Cl 3 ). The infrared spectrum showed a band at 
5.80 n (shoulder at 5.88 n). It formed an oxime 
and perbenzoic acid treatment afforded a di epoxide, 
while potassium bicarbonate saponification fur- 
nished the free derivative (m.p. 189-191°); prod- 
uct A was identified as 17£-methyM8-nor-A 6 « 15 - 
isopregnadien-3/?,16a-diol-20-one 3,16-diacetate 
(Ilia), which had been obtained by Heusler and 
Wettstein 3 by rearrangement of 16a,l7a-oxido- 
A 5 -pregnen-3/?-ol-20-one acetate with p-toluene- 
sulfonic acid in acetic anhydride. We repeated 
this reaction and found the substance to be identical 
with product A by mixed melting point and in- 
frared comparison. 4 

Several derivatives of Ilia were prepared: lith- 
ium aluminum hydride reduction afforded the 3,16,- 
20-triol Hid; the keto group in Ilia was eliminated 
by hydrogenolysis of the cycloethylene mercaptol 
Illf whereupon the diacetate II Ig was obtained; 
potassium bicarbonate saponification of Illg 
yielded Illh which on Oppenauer oxidation afforded 
the A 4 -3-ketone V. 



CH3COO 




(3) K. Heusler and Wettstein, Chem. Ber. t 87, 1301 (1954). 

(4) The following mechanism for the formation of product A has 
been suggested to us by Dr. Gilbert Stork, Columbia University, to 
whom, we are indebted, 
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h, R 
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H; R' - Ac; R" = H 2 



CH3COO a 
IV 




C2H5 
,OCOCH 3 



C=0 
COOH 



CH3COO 



COCH3 



Vila, R = R' = Ac 

b, R = R' = H 

c, R = R' = Bz 

d, R=H;R' = Bz 



Villa, R-H 
b, R = Bz 




RO CH3COO 
XIa, R-R'-Ac 

b, R-H; R' = Ac 

c, R = Ac; R' = C 2 H 5 

d, R = Ac; K' = C~CH 3 

II 

NOH 




CH 3 COO X 

Product B contained nitrogen, analyzed for 
C 26 H3&0 4 N and showed m.p. 173-175°. Potas- 
sium hydroxide hydrolysis yielded the free com- 
pound (C 2 iH 3 i0 2 N ( m.p. 245-246°) which on re- 
acetylation regenerated product B; the free com- 
pound gives a blue color with methanolic ferric 
chloride and a bluish-green precipitate with copper 
acetate in methanol solution upon addition of a 
few drops of ammonium hydroxide; the ultraviolet 
spectrum gave a maximum at 314 m/x (log € 4.22) 
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and the infrared curve showed bands at 2.80, 2.90, 
3.0S, 6.20, 6.35 and 6.70 p. The formation of a 
copper chelate and the ultraviolet and infrared 
spectra strongly indicated the presence of a 0- 




XHIa, R = H; H' = 0 

b. R = Ac; R' = 0 

c. R = Ac:R' = NOH 



XIV 




CCH=CHC fl H 5 
O 



XVa, R = H 
b, R = Ac 




XVIa, R-H; R'~0 

b, R = Ac; R'-O 

c, R = Ac; R'-NOH 



RO 



XVlIa, R=H 
b, R-Ac 




XVIII 



amino- a, ^-unsaturated ketone grouping. Combes 
and Combes , 5a Ueno and Martell 5b and Holtzclaw, 
et a/., 6 have described the formation of copper che- 
lates of 0-amino-a,/3-unsaturated ketones, while 
Cromwell, et aL? have found that the grouping 
-NH-C— C-CO- shows a maximum in the region 
of 306-30S mju, which is very close to the maximum 
observed in our derivative. The infrared spectra of 
these amino ketones have been reported by the 
aforementioned authors (see ref. ob, 6 and 7), and 
particularly the bands at 6.20 (hydrogen bonded 
carbonyO, {S.Wh and 6.70 \i (C=C stretching in the 
hydrogen bonded system) found in our free com- 
pound closely correspond to those reported for 
the j3-amino-a,<3-unsaturated ketones (see ref. 6). 

Further evidence of the presence of the /?-amino- 
a,#-unsaturated ketone grouping and its position 
arises from the following experiments. 

Alkaline hydrogen peroxide oxidation of the free 
compound furnished an amido acid (C19H29O4N. 
m.p. 254-256°) which upon acetylation afforded a 
neutral acetate (CsiHmC^N, m.p. 260-262°). 
These derivatives proved to be identical with the 
33 - hydroxy - 16,1 7 - seco - A b - androsten - 10,17- 

(5) fa) A. Combes and C. Combes, Bull. soc. chim. France, 13] 7, 
77R (18»2>; fb) K. Uenn and A. P. Martell. J. Phys. Chem., 59, 99S 
t lUoo). 

10) H. F. Holtzclaw, Jr., J. Collman and R. M. Alive, This Jour- 
nal, 80, 1100 (1958). 

(7? .V. H Cromwell. F. A. Miller, A. R. Johnson, R. L. Prank and 
D. J. Wallace, ibut., 71, 2337 (1949). 



dioic acid-17-amide (IX) and 30- ace to xy- 16,1 7- 
seco-A^-androsten-lG.lT-imide (X) prepared by 
Regan and Hayes.* The formation of the acid 
IX would imply an oxidative splitting of a A 16 - 
double bond with elimination of a lG-acetyl group; 
therefore a 16-acetyl-17-amino-A lfi -androstene moi- 
ety comes into consideration. Another fact which 
strongly supports this structure is the introduction 
of an acetyl group into the amide VI by treatment 
with acetic anhydride in the presence of boron 
trifluoride etherate which produces the same prod- 
uct B, thus showing that the acetyl group is at- 
tached to the 10- position; then, formula Vila 
must represent the structure of product B, and 
Vllb that of the hydrolysis of B. This structure 
was definitely proved in the following manner, 

Selective hydrogenation of the 16-double bond 
of Vila with Adams catalyst afforded the dihydro 
derivative XIa, which formed an oxime (Xld) and 
a benzal derivative XVa; the 16-acetyl side chain 
of XIa was transformed into the ethyl group XIc 
by hydrogenolysis of the cycloethylene mercaptol 
XII. 

Product XIc proved to be identical with 16a- 
ethyl - 17 - acetylamino - A 5 - androsten - 30- 
ol-acetate which was synthesized by addition of 
ethylmagnesium iodide to A 6 I6 -pregnadien-3/3-ol- 
20-one acetate; Marker and Crooks 9 used this 
method to prepare several 16-alkyl-pregnenolones 
in which the 16-alkyl group is known to have the 
a-con figuration, ]0 

The lfia-ethyl-A 5 -pregnen-3j(3-ol-20-one (Xllla) 
was converted into the acetate XUIb and its oxime 
XIIIc; the latter by Beckmann rearrangement 
with tosyl chloride in pyridine furnished the acetyl- 
amino derivative XIc identical with that obtained 
by hydrogenolysis of the mercaptol XII. 

It is pertinent to note that the hydrogenation of 
Vila afforded the dihydro derivative XIa with the 
lG-acetyl group alpha oriented and it is well known 
that in the hydrogenation of a A 16 -double bond the 
hydrogen enters from the rear producing in this 
way beta oriented groups at positions 1G and 17. 
It is possible that under the hydrogenation condi- 
tions (in presence of acetic acid) equilibration takes 
place affording the more stable alpha oriented side 
chain 11 or that equilibration takes place when the 
cycloethylene mercaptol XII is formed, due to the 
acidic character of the zinc chloride used as cat- 
alyst. It is also of interest to point out that 
amino-a,/?-unsaturated ketones (a) are in equilib- 
rium with structure (b) 6 and if the double bond of 
the latter imine is hydrogenated, then the 10-side 



Ac 

I 

NH 



COCHs 



Ac 



a 



(8) B. M. Re K an and F. N*. Hayes, ibi't., 78, 039 (UWO. We are 
indebted to Dr. Regun for furnishing us with samples uf these sub- 
stances. 

CO) R. K. Marker and H. M. Crooks. Jr., Ibid. 64, 1280 
(19-12). 

(10) J. Romo, J. Lepe and M. Romero, Bol. hist. dc. Qit'im. 
U.K. A. XT., No. 2, Vol. IV. 125 (11*52}. 

(11 J J. Fajkoa and F. Sorm, Chcm. Listy, Bl, 079 (1059). 
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chain rearranges to the more stable a-con figura- 
tion. 

Several derivatives of the amino- ketone VI lb 
were prepared : The dibenzoate VTIc was obtained 
by treatment of VI lb with benzoyl chloride in 
pyridine, while Schotten-Baumann benzoylation 
afforded the monobenzoate Vlld; Oppenauer oxi- 
dation of Vlld yielded the diketone VHIb; alka- 
line hydrolysis of VII lb furnished the amino-dike- 
tone Villa. 

Potassium hydroxide treatment of the dihydro- 
aminoketone XIa only removed the 3-acetyl group 
yielding Xlb, which on Oppenauer oxidation af- 
forded the diketone XIV. 

The dihydro aminoketone XIa lost the elements 
of acetamide on treatment with £-toluenesulfonic 
acid in acetic anhydride solution, yielding 16- 
acetyl-A 5 ' 15 -androstadien-3/?-ol acetate (XVIb) 
which on alkaline hydrolysis furnished the free 
derivative XVIa; these two compounds have been 
described by Fajkos and Sorm, 11 and the physical 
constants of our products agree well with those re- 
ported (see Experimental part) . 

The Beckmann rearrangement of 16-acetyl-A 5 - 18 - 
androstadien-3£-ol acetate-oxime (XVIc) furnished 
A 5 -androstene-3£-ol-16-one acetate (XVIIb) which 
on saponification yielded the free compound 
(XVI la). These substances have been described 
by Huffman et al. 12 and by Fajkos and Sorm/ 8 and 
our physical constants are in good agreement with 
those reported by the aforementioned authors. 

Acknowledgment. — We wish to thank Dr. G. 
Rosenkranz of Syntex, S. A. for a generous gift of 
steroids. 

Experimental 14 

Acetoxime of A 51a -Pregnadiene-33-ol-20-one 3-Acetate 
(lb). — A solution of 10 g. of the oxime la in 30 ml. of an- 
hydrous pyridine and 30 ml. of acetic anhydride was heated 
on the steam-bath for one hour and then poured into 300 ml. 
of cold water; the precipitate was collected, washed thor- 
oughly with water and crystallized from chloroform-meth- 
anol, thus affording prismatic needles (9.35 g.), m.p. 195— 
196°; the analytical sample showed m.p. 195-197°, [a] 3 ^ 
-41°. 

Anal. Calcd. for CwHwCMSF: C, 72.25; H, 8.98; H, 
3.37. Found: C ( 72.18; H, 8.49; N, 3.47. 

A 6 -Androsten-30-ol-17-one Acetate (lib). — To a solution 
of 2 g. of the acetoxime lb in benzene, 30 ml., was added 3 
ml. of boron trifluoride etherate and the mixture was left 
for 3 hours at room temperature, diluted then with cold 
water, washed with 5% sodium carbonate solution and 
water, dried over anhydrous sodium sulfate and evaporated 
to a small volume. The ketone lib crystallized upon addi- 
tion of hexane (410 mg.), m.p. 164-166°; one crystalliza- 
tion from acetone-hexane raised the m.p. to 168-170°, 
[ a ]2o D —2°; it gave no depression in mixed m.p. with an 
authentic specimen and the infrared spectra were identical. 

Beckmann Rearrangement of A 6 - l8 -Pregnadi©n-33-ol-20- 
one 3-Acetate-20-oxime l (la) with Boron Trifluoride Ether- 
ate in acetic anhydride.— A suspension of 50 g. of the oxime 
la in 300 ml. of acetic anhydride was treated with 100 ml. 
of boron trifluoride etherate in the course of 20 minutes at a 



(12) M. N. Huffman. M. H. Lott and A. TilJoUon. J. Bid. Chem., 
218, 567 (1956). 

(13) J. Fajkos and F. Sorm, Chem. Listy, 50, 282 (1956). 

(14) Melting points are uncorrected. Rotations were determined 
at 20° in chloroform, unless noted otherwise. The ultraviolet absorp- 
tion spectra were determined in 95% ethanot solution in a Bee km an 
DK2 spectrophotometer. The infrared spectra were determined in 
chloroform solution on a Perkm-EImer double-beam spectrophotometer 
(unless stated otherwise). The microanalyses were performed by Dr. 
Franz Pascher, Bonn, Germany. 



temperature below 15 Q with mechanical stirring; during the 
addition all of the oxime went into solution. The dark solu- 
tion was kept for 1 hour between 10-15° and then at room 
temperature overnight; the mixture was poured into 1300 
ml. of ice-water, the oily precipitate was extracted with 
ether, the ether extract was washed with water, with 5% 
sodium carbonate solution and again with water, dried 
over sodium sulfate and evaporated to dryness. The oily 
residue (46 g.) was dissolved in benzene-hexane 1:1 and 
chromatographed on 1000 g. of alumina (washed with 
ethyl acetate) the first fractions eluted with benzene-hex- 
ane 1 : 1 crystallized on evaporation to yield 4.3 g. of prod- 
uct A (Ilia), m.p. 208-212°; the analytical sample showed 
m.p. 216-218° (prisms from acetone-methanol ) , [a] 20 D 
-14°, X m „ 5.8 n (shoulder at 5.88 ji) (the m.p. of the sub- 
stance showed no depression in a mixture with a sample 
obtained by the method of Heusler and Wettstein, 3 and 
the infrared spectra were identical; this authors report m.p. 
213-214,5°, [a]*D 10 ± 4° (CHC1,)). 

Anal. Calcd. for CuH^O*: C, 72.43; H, 8.27; 0, 19.30. 
Found: C, 72.53; H, 8.23; O, 19.15. 

The last crystalline fractions eluted with benzene-hexane 
1:1, with benzene-hexane 2:1, 3:1, 4:1 and with benzene 
were combined and recrystallized from acetone-methanol, 
thus furnishing fluffy needles of product 0 (VHIb) (39.5 
g.), m.p. 108-172°; the analytical sample showed m.p. 173- 
175' (from acetone-methanol), [al*>D -205°; \ m „ 310 my, 
log e, 4.10; X m „ 5.85, 6.7, 6.40 n. 

Anal. Calcd. for C»H m O«N t : C, 72.60; H, 8.53; N, 
3.39. Found: C, 72.66; H, 8.58; N, 3.35. 

When the reaction was carried out with the acetoxime lb 
the same results were obtained. 

173-Methyl-18-nor-A 6U 'isopregnadiene-3^,16a-diol-20- 
one 20-oxime-3,16-diacetate (Illb) was prepared by reac- 
tion with hydroxylamine hydrochloride in pyridine and 
methanol. It showed m.p. 226-228.5° dec, [«]»d -111° 
(Heusler and Wettstein* report m.p. 230-232°). 

Anal. Calcd. for CuHuO.N: C, 69.90; H, 8.21; X, 
3.26; O, 18.62. Found: C, 70.47; H, 8.23; N, 3.53; O, 
18.21. 

5 ,6, 13 , 14-Di-o»do-170-methyl-18-nor-isopregnan- 
30,16a-diol-2O-one 3,16-Diacetate. — A solution of 1 g. 
of the diacetate Ilia in 10 ml. of chloroform was mixed 
with a solution of 800 mg. of monoperphthaiic acid in 20 
ml. of ether and the mixture was kept overnight at 5° and 
then for 4 hours at room temperature, washed with 5% 
sodium carbonate solution and water, dried and evaporated 
to dryness. The residue crystallized upon the addition of 
methanol in the form of small plates (490 mg.), m.p. 235- 
236°; recrystallization from acetone-ether raised the m.p. 
to 241-242°, [al*°D -64°, \ m „ 5.80 p (shoulder at 5.87 m). 

Anal. Calcd. for C 26 H S 4 Or : C, 67.24; H, 7.67; 0,25.09. 
Found: C, 67.59; H, 7.70; O, 25.10. 

1 7 0-M ethyl- 1 8-nor-A*' 1 'Msopregnadien-30, 1 6a-diol-20- 
one (IIIc). — A solution of 600 mg. of the diacetate Ilia in 30 
ml. of methanol was mixed with 600 mg. of potassium bicar- 
bonate in 10 ml. of water and the mixture was refluxed for 1 
hour, diluted with water and extracted with chloroform; 
the chloroform extract was washed with water and evapo- 
rated to dryness in vacuum. Crystallization of the residue 
from acetone-hexane yielded small prisms (360 mg.), m.p. 
176-181°; further recrystallizations from acetone-ether 
raised the m.p. to 189-191°, [c*1 so d -123°; \ nn 2.8. 2.95, 
5.9 m (reported' m.p. 189-191°, [«|Md -131 ± 4° (CHCU)). 

Anal. Calcd. for CnHwOa: C, 76.32; H, 9.15. Found: 
C, 75.84; H,9.12. 

n^-Methyl-lS-Dor-^'^Msopregnadien-S^.loa^O-triol 
(Hid). — One gram of the diacetate Ilia was dissolved in 50 
ml. of anhydrous tetrahydrofuran and slowly added to a 
suspension of 800 mg. of lithium aluminum hydride in 150 
ml. of ether and the mixture was refluxed for 1 hour; the 
excess of hydride was decomposed with a few drops of ethyl 
acetate, then poured into water and acidified with 10% sul- 
furic acid; the precipitate was extracted with ethyl acetate, 
washed with water, concentrated to small volume and crys- 
tallized by the addition of ether, thus yielding 640 mg., m.p. 
183-185°; the analytical sample was obtained as large 
needles by crystallization from benzene-hexane, m.p. 202- 
204°, [a] -207°, \ msx 2.9-3.0 ju. 

Anal. Calcd. for CnH a zO s : C, 75.86; H, 9.70. Found; 
C, 75.98; H, 9.76. 
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The triacetate (Hie) (acetic anhydride and pyridine at 
room temperature overnight) showed m.p. 121-122° (small 
prisms from hexane), Ia]* & D —149.5°, Xm*x 5.85 m. 

Anal. Calcd. for CitHhO.: C, 70.71; H, 8.35; 0, 
20.94. Found: C, 70.83; H, 8.36; 0,21.17. 

Cycloethylene Mercaptol (Illf ) — A solution of 1 g. of the 
diacetate Ilia and 1 g. of ethanedithiol in 50 ml. of acetic 
acid was treated with 1 ml. of a saturated solution of hydro- 
gen bromide in glacial acetic acid and the mixture was kept 
for 3 hours at room temperature, poured into 300 ml. of cold 
water and rapidly extracted with ether; the organic layer 
was washed with 5% sodium hydroxide solution and water, 
evaporated to dryness and the oily residue crystallized from 
methanol, thus giving 510 mg. of mercaptol in the form of 
needles, m.p. 137-140°; the analytical sample showed in. p. 
149-151° (from acetone-methanol), [a]»D -108°. 

Anal. Calcd. for C e7 H 8k 0 4 S 2 : C, 66.10; II, 7.81; S, 
13.04; O, 13.04. Found: C, 65.87; H, 8.07; S. 12.78; 
O, 13.19. 

17j3-Methyl-17a-ethyl-18-nor-A 6 ' ,, -androstadien-3(3,loa- 
diol 3,16-Diacetate (Illg).— The mercaptol 1 1 If (600 mg.) 
was hydrogenolyzed in 125 ml, of ethanol with 5 g. of 
Raney nickel 18 by refluxing for 3 hours, the nickel was re- 
moved by filtration and the solution evaporated to dryness; 
crystallization from acetone-methanol afforded small 
plates (380 mg.), m.p. 118-120°; further recrystallizations 
from acetone-methanol raised the m.p. to 123-124°, [a] K D 
-176°, \ maK 5.85 m- 

Anal. Calcd. for CsaHaeO,: C, 74.96; H, 9.06; O, 15.98. 
Found: C, 75.26; H, 9.00; O, 16.19. 

!73-Methyl-17a-ethyl-18-nor-A^ u -andr08tadien-16a-ol-3- 
one acetate (V).— The diacetate Illg (1 g.) in methanol (40 
ml.) was saponified with sodium hydroxide (1 g.)in water (10 
ml.) by refluxing for 1 hour, the solution was diluted with 
water and extracted with ether, the ethereal extract was 
washed with water and evaporated to dryness . The oily resi- 
due was dissolved in 40 ml. of toluene and 10 ml. of cyclo- 
hexanone, 10 ml. was distilled to eliminate moisture; a solu- 
tion of 800 mg, of aluminum isopropylate in 10 ml. of tolu- 
ene then was added and the mixture refluxed for 1 hour, 
diluted with benzene and washed with 5% hydrochloric acid 
and water and the organic solvents were removed by steam 
distillation. The oily residue was extracted with ether, dried 
over sodium sulfate, evaporated to dryness (890 mg. of resi- 
due), dissolved in hexane and chromatographed on washed 
alumina. The crystalline fractions eluted with hexane were 
combined and recrystallized from acetone-hexane, m.p. 
144-146° (240 mg.). The analytical sample showed m.p. 
147-148° (prismatic needles from acetone-hexane), fa] 20 D 
-53.6°; \ m „ 238-240 m M , log c, 4.17; \ m „ 5.85, 6.05 p. 

Anal. Calcd. for C 23 H 32 0 3 : C, 77.49; H,9.05; 0,13.46. 
Found: C, 77.41; H,9.09; O, 13.73. 

10-Acetyl-l7-amino-A 6 . 18 -androstadien-3/S-ol (Vllb). — A 
mixture of 4.7 g. of the diacetate Vila and 60 ml. of meth- 
anol was treated with a solution of 4 g. of potassium hydrox- 
ide in 10 ml. of water and rcfluxed for I hour; the solution 
was concentrated to half its volume, diluted with water and 
the precipitate collected; crystallization from methanol- 
acetone furnished 2.46 g., m.p. 242-245°, and further re- 
crystallizations from methanol-acetone raised the m.p. to 
245-246°, [<*1 ao D -136°; X m « 314 m M , log t, 4.22; \ m „ 
2.80, 2.90, 3.08, 6.20, 6.35 and 6.70 p. 

A methanolic solution of the product gives a blue color 
with aqueous ferric chloride and gives a bluish-green pre- 
cipitate with a copper acetate-ammonic solution. 

Anal. Calcd. for C 2 iH 3 ,0<tN T : C, 76.55; H, 9.48; X, 
4.25; O, 9.71. Found: C. 76.39; H, 9.50; X, 4.39; O, 
10.05. 

Reacetylation with acetic anhydride and pyridine regen- 
erates the diacetate Vila. 

3j3-Hydroxy-16,l7-seco-A 8 -androsten-16,l7-dioic Acid 17- 
Amide (IX).— A solution of the amino-ketone Vllb (3.38 
g.) and potassium hydroxide (4 g.) in methanol (120 ml.) 
and water (10 ml.) was mixed with 10 ml. of 35% hydrogen 
peroxide and the solution was rcfluxed 20 minutes; 10 ml. 
more of hydrogen peroxide was added and the reflux pro- 
longed for 20 minutes more; the solution was concentrated 



(15) Prepared following the method described by R. Mozingo, D. 
E. Wo I from. S. A. Harris and K. Fol leers, This Journal, $5, 1013 
(194:1). 



to a small volume, diluted with water, filtered and acidified 
with 10% hydrochloric acid solution. The precipitate was 
collected, washed with water and crystallized from chloro- 
form-methanol, furnishing needles (840 mg.), m.p. 235- 
239°. The analytical sample showed m.p. 254-256° dec, 
[a]»D -68° (dioxane); \ mmx (Nujol) 2.95, 5.87, 6.1 **. 
(This product showed no depression in mixed m.p. with an 
authentic sample; Regan 8 reported m.p. 255-257° dec.) 

Anal. Calcd. for C l3 H 29 0«: C, 68.03; H, 8.71; N\ 4.18; 
0,19.08. Found: C, 68.26; H, 8.79; N.4.57; 0,19.19. 

16,l7-Seco-4»-androsten-3^-ol-16,l7-imide Acetate (X).— 
A mixture of 300 mg. of the acid IX. 2 ml. of acetic anhy- 
dride and 2 ml. of pyridine were heated on the steam-bath 
for 1 hour, poured into water and the precipitate collected; 
crystallization from methanol afforded needles (210 mg.), 
m.p. 260-262°, [a]*°D -138°; Xm a » 3.0 (NH), 5.82, 5.9 M . 
The mixed m.p. with an authentic specimen 8 showed no 
depression and the infrared spectra were identical). 

Anal. Calcd. for CsjHs^N: C, 70.17; H, 8.13; O, 
17.80; N, 3.90, Found: C, 70.59; H, 8.19; 0,17.65; X, 
3.72. 

Treatment of 17-Acetylamino-A 4 * u -androstadien-3i3-ol 
Acetate ( VT) with Acetic Anhydride and Boron Trifluoride 
Etherate. — A solution of the acetylarnino derivative VI 
(2.4 g.) in acetic anhydride (20 ml.) was treated with 4 ml. 
of boron trifluoride etherate and kept for 1 hour at a tem- 
perature, below I5° t poured into 200 ml. of cold water and 
worked up as in the isolation of product B. Crystalliza- 
tion from acetone-hexane yielded fluffy needles (1.915 g.), 
m.p. 170-172°. This product showed no depression in 
mixed m.p. with the acetyl aminoketone Vila and the in- 
frared spectra were superimposable. 

1 6«-AcetyI-l 7-acetylamino-A 4 -androsten-30-ol Acetate 
(XIa).— The acetylaminoketone Vila (1 g.) in 80 ml. of 
ethyl acetate and 20 ml. of acetic acid was hydrogenated 
with 100 mg. of Adams catalyst until 1 mole of hydrogen 
was absorbed (3 hours); the catalyst was removed by filtra- 
tion and the solution washed with dilute sodium carbonate 
and water, evaporated to a small volume and crystallized 
by the addition of ether (prisms (835 mg.), m.p. 226-230°); 
further crystallizations from methanol-ether raised the 
m.p. 239-241°, [a]»D -77°; X m „ 2,95, 5.83, 6.0 m- 

Anal. Calcd. for C 23 H 37 0<N; C, 72.25; H, 8.98; O. 
15.40; N, 3.37. Found: C, 72.40; H, 8.50; O, 15.34; N T , 
3.25. 

The oxime Xld showed m.p. 298-299° (from chloroform- 
methanol), (aJ»D -81°. 

Anal. Calcd. for CjsHaAN,: C, 69.73; H, 8.90: O, 
14.86; N, 6.51. Found: C, 69.95; H, 8.86; O, 14.91; 
N, 6.43. 

16a-Acetyl-l7-acetyJamino-A 6 -androsten-30-ol (Xlb).— 
The diacetate Xla (600 mg.) was saponified with 30 ml. 
of methanol and 400 mg. of potassium hydroxide by re- 
fluxing for 1 hour. The mixture was diluted with water, 
extracted with chloroform and the extract washed with 
water and concentrated. Upon the addition of ether there 
crystallized the product as plates (450 mg.), m.p. 256-258°. 
The analytical sample showed m.p. 2G5-267° (from meth- 
anol-ether), [aj 20 D -91 c (dioxane). 

Anal. Calcd. for C 23 H 36 0 3 N: C, 73.95; H, 9.45; O, 
12.85; N, 3.75. Found: C, 74.11; H, 9.42; 0,13.08; X, 
3.78. 

1 6«-Acetyl-l 7-acetylamino-A A -androsten-3-one (XIV ) . — 

The monoacetate Xlb (880 mg.) was dissolved in 50 ml. of 
toluene and 10 ml. of cyclohexanone, 10 ml. of solvent was 
distilled to remove moisture and a solution of 400 mg. of 
aluminum isopropylate in 10 ml. of toluene was added. 
The mixture was refluxed for 1 hour, then washed with di- 
lute hydrochloric acid and the volatile components were re- 
moved by steam distillation. The semi-solid residue wjis 
extracted with chloroform, washed with water and evapo- 
rated to dryness; crvstallization from acetone-ether af- 
forded shiny plates (580 mg.), m.p. 205-207°. The ana- 
lytical sample showed m.p. 210-212° (from acetone-ether 1 ), 
[al»o 4-58°; \ max 239-240 m*. log c, 4.09; X ro „ 2.95, 
5.9 and 6.05 p. 

Anal. Calcd. for CsaHajO-jX: C, 74.36; H, 8.95; O. 
12.92; N.3.77. Found: C, 74.00; H, 8.87; 0,13.45; \\ 
3.81, 

Benzal Derivative of l6a-Acetyl-17-acetylamino-A s -an- 
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drosten-3#-ol (XVa). — Benzaldehyde (0.1 ml.) was added 
to a solution of the diacetate XIa (200 mg.) and potassium 
hydroxide (300 mg.) in methanol (10 ml.). The mixture 
was kept at room temperature overnight, whereupon long 
needles crvstallized which were collected and washed thor- 
oughly with methanol, m.p. 313-315° (210 mg.). The 
analytical sample showed m.p. 314-316° (from acetic acid- 
methanol). 

Anal. Calcd. for C S0 H 59 O ( X: C, 78.05; H, 8.52; X, 
3.03. Found: C, 77.78; H, 8.48; N, 2.83. 

The acetate showed m.p. 304-306° (small needles from 
pyridine); X, nM 290-292 m/i, log t 4.25. 

Anal. Calcd. for CmH^CXN: C, 76.31; H, 8.21; X, 
2.78. Found: C, 76.63; H, 8.21; X, 2-82. 

Cycloethylene Mercaptol of 16c*-Acetyl-17-acetyIamino- 
A B -androsten-3tf-ol Acetate (XII).— The diacetate XIa (1.5 
g.) and ethanedithiol (3 ml.) were dissolved in anhydrous 
dioxane (20 ml ) and fresh] v fused and finely powdered zinc 
chloride (15 g.) and anhydrous sodium sulfate (10 g.) were 
added. The semi-solid mixture was kept at room tempera- 
ture overnight, poured into water and extracted with 
chloroform; the organic layer was washed with water, 
dried over anhydrous sodium sulfate and evaporated to 
dryness. Crystallization of the residue from ethyl acetate- 
hexane afforded needles (1.62 g.), m.p. 191-193"°; further 
crystallizations raised the m.p. to 194-195° (from acetone- 
ether), [al»D -78°. 

Anal. Calcd. for CnH^OjSiN: C, 65.96: H. 8.41; O, 
9.77; S. 13.01; N, 2.85, Found: C, 65.71; H, 8.24; O, 
9.46; S, 12.80; N, 2.73. 

16a-Ethyl-l7-acetylamino-A 8 -androsten-33-ol Acetate 
(XIc). By Hydrogenolysis of the Cycloethylene-mercaptol 
Xn.— To a solution of the mercaptol XII (1.5 g.) in 200 ml. 
of ethanol there was added 15 g. of Raney nickel and the 
suspension was refluxed for 3 hours, filtered and the solvent 
concentrated to small volume. There separated shiny 
plates, m.p. 183-185°, which upon further crystallizations 
from acetone-hexane showed m.p, 195-196°. [a] 20 D -120.3°; 
Xma*2.95, 5.83, 6.03 m. 

Anal. Calcd. for C 2 *H 8S 0 4 X: C, 74.77; H, 9.76; 0, 
11.95; \\ 3.49. Found: C, 74.52; H, 9.71; O, 12.21; 
N.3.46. 

16a-Ethyl-A 8 -pregnen-3/3-ol-20-one Acetate (XIIIo).— 
From a solution of 3 g. of A*' u -pregnadien-3/3-ol-20-one ace- 
tate in 100 ml. of benzene there was distilled 20 ml. to re- 
move moisture and a solution of ethyl magnesium iodide 
(prepared from 12 g, of ethyl iodide) in 25 ml. of ether was 
added and the mixture refluxed for 3 hours, poured into cold 
water and acidified with diluted hydrochloric acid. The 
organic layer was diluted with 100 ml. of ether and washed 
with water, dried over anhydrous sodium sulfate and evapo- 
rated to dryness (weight 3.05 g.). The ketonic and non- 
ketonic fractions were separated with Girard T reagent. 
The ketonic fractions weighed 2.2 g. and were acetylated 
by heating for 1 hour on the steam-bath with 6 ml. of acetic 
anhydride and 6 ml, of pyridine, poured into water and the 
semi-solid precipitate was extracted with ether; the ether 
extract was washed with dilute hydrochloric acid, sodium 
carbonate solution and water and then evaporated to 
drvness. Crystallization from methanol furnished shiny 
plates, m.p. 120-121° (1.88 g.). The analytical sample 
showed m.p. 123-125°. [«]»d -78° A m « 5.85 ji. 

AnaL Calcd. for C a4 H M 0,: C, 77.67; H, 9.91; O, 
12,42. Found: C, 77.32; H, 9.90; O, 12.81. 

The oxime (prepared by the usual method: hydroxyl- 
amine hydrochloride and pyridine) showed m.p. 156-158°, 
|«]»d -79°. 

Anal. Calcd. for C 2fi H S9 0,N T : C, 74.77; H, 9.79; O, 
11.95; N, 3.49. Found: C, 75.16; H, 9.78; O, 11.71; N, 
3.31. 

16a-Ethyl-l7-acetylarcuno-A B -androsten-3#-ol Acetate 
(XIc). By Beckmann Rearrangement of the Oxime XIIIc. — 
Tosyl chloride (2 g.) was added to a solution of the oxime 
XIIIc (2 g.) in anhydrous pyridine (40 ml.), the mixture 
was kept at room temperature for 3 hours, poured into 200 
ml. of 10% sulfuric acid solution and extracted with ether, 
washed with water and concentrated to a small volume, 
thus giving plates (1.36 g.j, m.p. 194-196°; further 
crystallization from acetone raised the m.p. to 196-197°, [a] 
— 120.8° (the mixed m.p. with the product obtained by 



hydrogenolysis of the mercaptol XII showed no depression 
and the infrared spectra were identical). 

16-AcetyI-17-benzoylamino-A 6 ' l8 -androstadien-30-ol 3- 
benzoate (VTIc) (prepared with benzoyl chloride and pyri- 
dine, 1 hour on the steam-bath) showed m.p. 279-281° 
(needles from acetone), [a] 20 D —44°. 

AnaL Calcd. for C«H s »0<N: C, 78.18; H, 7.31; O, 
11.90; X,2.61. Found: C, 78.75; H, 7.43; 0,11.31; X, 
2.51. 

1 6 - Acetyl - 1 7 - benzoylamino - A 6 * 18 - androstadien - 3/3 - ol 
(Vlld). — The aminoketone VIb (1 g.) was suspended in a 
solution of potassium hydroxide (4 g.) in water (40 ml.), 
benzoyl chloride (2 g.) was added, the flask was stoppered 
and shaken for 20 minutes, It was then diluted with water 
and the precipitate collected, washed thoroughly with water 
and crystallized from acetone-ether, thus furnishing prisms 
(810 mg.), m.p. 186-192°; further crystallizations from 
acetone-ether raised the m.p. to 218-220°, [a] 10 D -51°. 

AnaL Calcd. for C 28 H 34 O a X: C, 77.56; H, 8.14; O, 
11.07; X.3.23. Found: C, 77.38; H, 8.27; 0,10.69; X, 
3.19. 

1 6-Acetyl-l 7 - benzoylamino - A*-" - androstadien - 3 - one 
(Vlllb). — The monobenzoate Vlld (750 mg.) was dissolved 
in toluene (50 ml.) and cyclohexanone (10 ml.), a few ml. of 
the solution was distilled to remove moisture and then a 
solution of aluminum isopropylate (500 mg.) in toluene (5 
ml.) was added. The mixture was refluxed for 1 hour and 
then the product was isolated as in previous cases. Crys- 
tallization from chloroform-ether furnished fluffy needles 
(520 mg.), m.p. 220-222°. The analytical sample showed 
m.p. 221-222° (from chloroform-ether). [a|*»D +94°; 
\ ma * 242, 326-330 mju, log t, 4.47, 4.10; X m « 2.95 (weak), 
6.03, 6.30, 6,40 M . 

AnaL Calcd. for ChHhOjX: C, 77.92; H, 7.71; O, 
11.12; N. 3.25. Found* C, 77.87; H, 7.89; O, 11.33; 
N, 2.69. 

16-AcetyI-17-amino-A<- lfl -androstadien-3-one (Villa). — 
The benzoate VI lib (400 mg.) was dissolved in a solution 
of potassium hydroxide (400 mg.) in methanol (30 ml.) and 
refluxed for 1 hour, diluted with water and the precipitate 
extracted with chloroform; the extract was washed with 
water, evaporated to dryness and the residue crystallized 
from acetone-ether, yielding prisms (280 mg.). m.p. 123- 
125°; the analytical sample showed m.p. 123-125°, re- 
solidified and remelts at 161-162° (from acetone-ether). 
The methanolic solution gives a blue color with ferric chlo- 
ride; {al*°D -8°; X fflM 238-240 m M , log e, 4.22; X mnx 
2.92, 3.08, 6.05, 6.20, 6.35 

Anal. Calcd. for C 3l H M 0 ? X: C, 77.02; H, 8.93; O, 
9.77; N, 4.28. Found: C, 76.69; H, 8.77; O, 9.07; X 
4.29. 

16-Acetyl-A 6 ' 16 -androstadien-3£-ol Acetate (X VIb). —The 
aminoketone XIa (300 mg.) and £-toluenesulfonic acid (40 
mg.) were dissolved in acetic anhydride (8 ml.) (1 drop of 
pyridine was added) the solution was refluxed for 1.5 hours 
and then poured into cold water. When the acetic anhy- 
dride had hydrolyzed, the precipitate was extracted with 
ether, the organic layer washed with dilute sodium carbon- 
ate solution and water. Upon concentration of the extract 
there crystallized 70 mg. of unreacted product. The mother 
liquor was evaporated to dryness and the residue crystal- 
lized from methanol, thus yielding needles (105 mg.), m.p. 
191-195°; further crystallization from acetone-met hanol 
raised the m.p. 201-203°, [a] 20 D -132°; X m „ 240-242 
m/i. log «, 4.07; X m „ 5.73, 6.05, 6.3 (weak) M [reported 11 
m.p. 200-201°, [a]»D -130° (CHCl 3 ); X mftI 240 m^; e 
9780.] 

AnaL Calcd. for C 2 |H w O,: C, 77.49; H, 9.05; O, 
13.46. Found: C, 77.40; H, 8.79; 0.13.82. 

The oxime XVIc showed m.p. 212-215° dec. (from chloro- 
form-methanol), [a]*°D —128°. 

AnaL Calcd. for C„H 33 0,X: C, 74.36; H, 8.95; O, 
12.92; N, 3.77. Found: C, 73.98; H, 8.99; 0.13.27; N\ 
4.12. 

16-Acetyl-A fl ' lrt -androstadien-30-ol (XVTa).— The acetate 
XVIb (1 g.) in methanol (30 ml.) was mixed with a solution 
of potassium bicarbonate (1 g.) in water (10 ml.) and re- 
fluxed for 1 hour. The solution was concentrated to a 
small volume, diluted with water and the precipitate was 
collected. Crystallization from acetone-ether afforded 
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prisms (540 mg.), m.p. 170-172°; the analytical sample 
showed m.p. 177-179° (from acetone-ether), [a]*°D —115°; 
Wx 240-242 mM, log c, 4.16; X ma * 2.95, 6.05, 6.30 n (re- 
ported 11 m.p. 181-182°, [a]»D -132°). 

Anal, Calcd. for C 2l H 3 o0 2 : C, 80.21; H, 9.62; O, 10.18. 
Found: C, 79.98; H, 9.53; O, 10.11. 

A 6 -Androsten-3|9-ol-16-one Acetate (XVlIb).— The solu- 
tion of the oxime XVIc (1.3 g.) and tosyl chloride (1.3 g.) 
in anhydrous pyridine (30 ml.) was treated as in the pre- 
vious case. Crystallization from pentane furnished 
needles (510 mg.), m.p. 129-130.5°, and 220 mg. more from 
the mother liquors, m.p. 121-123°. The analytical sample 
showed m.p. 129.5-130.5°, [a] M D -222°, X mB5[ 5.82 M . 
(Huffman, et al., 12 reported m.p. 127.5-128°; Fajkos and 
Sorm, Is m.p. 134-135°, [o)»D -238° (CHCU).) 

Anal. Calcd. for C«H»0 3 : C, 76.32; H, 9.15; O, 14.53. 
Found: C, 76.69; H.9.13; 0,14.28. 



The free alcohol XVTIa showed m.p. 163-165°, M»d 
-235°; X mflx 3, 5.78 M (reported bv Huffman, et nl.^ 
m.p. 163.5-165°, [a]»D -242° in CHCU; Fajkos and Sarin. 1 * 
m.p. 168-169°, [o]»d -255° in CHCU). 

Anal. Calcd. for CnHaOj.: C, 79.12; H, 9.79; O, 
11.10. Found: C, 79.42; H, 9.82; 0,11.29. 

A^-Androstene-a.ie-dione (XVIII). — Oppenauer oxida- 
tion of the free alcohol XVI la (750 mg.) furnished thick 
prisms (410 mg.), m.p. 152-153° (from acetone-hexane), 
[ot]«>D -90°, >w 240 m/i, log e. 4.22; W 5.78, 6.05 ,i 
(reported 18 m.p. 152-153°. [a]»D -90.5° in CHCU). 

Anal. Calcd. for CipH«0 2 : C, 79.G8; H", 9.15; O, 
11.17. Found: C, 79.48; H", 9.13; 0,11.45. 

Mfexico, D. F., Mexico 



[CONTRIBUTION FROM THE LABORATORIES OF THE ROCKEFELLER IN'STITUTE] 

Cellulose Ion Exchange and Rotatory Dispersion Studies with the Bacitracin 

Polypeptides 

By Wm. Konigsberg and L. C. Craig 
Received December 29, 1958 

Bacitracin has been shown to undergo a change at a pH of 4 or less which has been traced to an epimerizatinn of the 
terminal isoleucine residue. The resulting stereoisomers showing different antibiotic activity have been separated by 
cellulose ion exchange chromatography. Annmatous rotatory dispersion behavior has been found which has been shown to 
be connected with the thiazoline complex. Data have been obtained which svtggest an interaction of the thiazoline grouping 
with a ring peptide linkage. 



In spite of the careful work done in a number of 
laboratories 1 ~ 3 on the fractionation of the mixture 
of polypeptides present in commerical bacitracin, 
a recent paper 4 has indicated that a very subtle 
type of heterogeneity still has persisted even in 
bacitracin A. The heterogeneity was correlated 
with small shifts in optical activity and was of 
particular importance to the antibiotic potency. 

The sequential formula I proposed independently 
in two laboratories 5 - 6 contains a thiazoline ring 
structure which is unique in naturally occurring 
peptides. Recently, however, the possibility of 
such a ring being present 7 - 8 as one of the energy 
rich states in certain natural products of con- 
siderable biological interest has been raised. No 
relationship of these substances to bacitracin, 
other than the possible common occurrence of the 
thiazoline ring, has been shown. Irrespective of 
this possibility, a substance with formula I would 
be expected to undergo transformation easily, as 
indeed has been found to be the case with bacitracin 
A. It now appears very likely that a type of 
tautomeric or resonating system of linkages exists 
in bacitracin A which has not thus far been clearly 
elucidated. Chemical procedures such as those 

(1) C. Craig, J. R. Weisiger, W. Housmann and E. Harfenist, 
J. Biol. Chem., 199, 259 (1952). 

(2) G G. F. Newton and E. P. Abraham, Biochem. J., 53, 5fl7 
(1953). 

(3) J. Porath. Acta Chem, Scand,, 8, 1813 (1954). 

(-U L. C. Crai« and Wm. Konigsberg, J, Orz. Chem.. 22, 1345 
(1957). 

1.5) W. Hausmann, J. R. Weisiger and L. C. Craig, This Journal, 
77, 723 (1955). 

(6) I. M. Lockhart and E. P. Abraham, Biochem. J.. 58, 033 (lflo4>. 

(7) R. E. Basford and F. M. Huennekens, This Journal, 77, 3878 
(1955). 

(8) D, Cavallini, B. Mondovj and C. DeMarco, Experientia, 13, 436 
(1937). 



involving direct hydrolysis with acid may act by a 
preliminary rearrangement or splitting as is now 
known to happen with the thiazoline ring and thus 
fail to reveal the more subtle aspects of the struc- 
ture or structures. For example, there is reason 
to believe 6 - 9 that the phenylalanine residue is in 
some way connected to the isoleucine-cysteine resi- 
dues which form the thiazoline ring system. Vet a 
rigid structural formula does not permit a covalcnt 
bond except by having two nitrogens linked to the 
carbon which emerges on hydrolysis as the carbonyl 
of the phenyl alanyl residue. Although not ac- 
cepted ordinarily in peptide chemistry as a valid 
linkage, unusual configurations such as those found 
in the ergot peptides 1011 apparently can stabilize 
the linkage to the extent that it becomes a signifi- 
cant member of the various resonance and tauto- 
meric forms of the amide linkage. 

Often the interpretation of complex and labile 
structures is greatly assisted by spectroscopic 
methods. Indeed ultraviolet absorption measure- 
ments have been very helpful 9 in supporting the 
thesis of the thiazoline ring in bacitracin A. Al- 
though infrared studies have been made in this 
Laboratory, clear interpretation has been hindered 
by the multiplicity of groups present which could 
contribute to specific bands. 

Recently the introduction of the Rudolph spec- 
trophotometric polarimeter has considerably facili- 
tated the use of rotatory dispersion in the study of 
natural products. Its application to the baci- 
tracin polypeptides together with new absorption 

(9) J. R. Weisiper, W. Hausmann and h. C. Crais. Tins Journal, 
77, 3123 (1955). 

(10) W, A. Jacobs and 1,. C. Craig, /. Biol. Ckem. t 110, 021 f M.i3.-,). 
(10 A. Stoll. A. Hoffman and Th. Petrzilka. Heiv. Chim. Ann, 

1544 (1951). 
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Compound (VII) 
CAS Registry Record: 

RN 16321-62-3 REGISTRY 

ED Entered STN: 16 Nov 1984 

CN 1-Propanone, 1- [ (3p, 16<x, 170) -16-ethyl-3- 

(acetyloxy)androst-5-en-17-yl] - (9CI) (CA INDEX NAME) 
OTHER CA INDEX NAMES: 

CN 1-Propanone, 1- ( 16a-ethyl-3P-hydroxyandrost-5-en-17p- 

yl)-, acetate (8CI) 
FS STEREOSEARCH 
MF C26 H40 03 

LC STN Files: CA, CAPLUS , USPATFULL 
Absolute stereochemistry. 

t 

Et 




2 REFERENCES IN FILE CA (1907 TO DATE) 

2 REFERENCES IN FILE CAPLUS (1907 TO DATE) 



Refs in Chem. Abs. 
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ANSWER 1 OF 2 HCA COPYRIGHT 2006 ACS on STN 
136:257280 HCA Full-text 



Methods and compositions that affect melanogenesis 
Orlow, Seth J.; Hall, Andrea; Manga, Prashiela 
USA 

U.S. Pat. Appl. Publ., 63 pp., Cont . -in-part of U. 
CODEN: USXXCO 
Patent 
English 
FAN.CNT 2 

PATENT NO. 



S. Ser. No. 599,487. 



DT 
LA 



KIND 



DATE 



APPLICATION NO. 



DATE 



PI 



US 


2002034772 




Al 




20020321 




US 2001- 


827428 




20010406 


wo 


2002098347 




A2 




20021212 




WO 2002- 


US11067 




20020408 


wo 


2002098347 




A3 




20030501 


















W: 


AE, 


AG, 


AL, 


AM, 


AT, 


AU, 


AZ, 


BA, 


BB, 


BG, 


BR , B Y , 


BZ, 


CA, 


CH, CN, 






CR, 


CU, 


CZ, 


DE, 


DK, 


DM, 


DZ, 


EC, 


EE, 


ES, 


FI, GB, 


GD, 


GE, 


GH, GM, 






HR, 


HU, 


ID, 


IL, 


IN, 


IS, 


JP, 


KE, 


KG, 


KP, 


KR, KZ, 


LC, 


LK, 


LR, LS, 






LT, 


LU, 


LV, 


MA, 


MD, 


MG, 


MK, 


MN, 


MW, 


MX, 


MZ, NO, 


NZ, 


OM, 


PH , PL , 






PT, 


RO, 


RU, 


SD, 


SE, 


SG, 


SI, 


SK, 


SL, 


TJ, 


TM, TN, 


TR, 


TT, 


TZ, UA, 






UG, 


US, 


UZ, 


VN, 


YU, 


ZA, 


ZM, 


zw 
















RW: 
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PT, 


BE, 
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TR 


CY, 
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DK, 
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FI, 


FR, 


GB, 
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IT, 


LU, 


MC, NL, 


EP 
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EP 2002- 
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AB The invention provides methods of screening for compds . that affect melanogenesis 
and the function of P protein in organisms, cells, or cell-free systems. The 
invention further relates to Pharmacol, and cosmetic uses of methods of inhibiting 
melanogenesis, methods of activating melanogenesis, and compds. and Pharmacol, 
compns . useful for the inhibition or activation of melanogenesis and, therefore, for 
lightening or darkening the pigmentation of cells and tissue, i.e., skin. 



L36 ANSWER 2 OF 2 HCA COPYRIGHT 2006 ACS on STN 
AN 67:117077 HCA Full-text 

TI 16a-Alkyl-or 16a-aryl-17p-acyl derivatives of androstene 
IN Maksimov, V. I.; Lur ' i , F. A.; Morozova, L. S. 

PA Ordzhonikidze, S., All-Union Scientific-Research Chemical-Pharmaceutical 

Institute 
SO U.S.S.R. 

From: Izobret., Prom. Obraztsy, Tovarnye Znaki 1966, 43(22), 37. 

CODEN: URXXAF 
DT Patent 
LA Russian 

FAN . CNT 1 

PATENT NO. KIND DATE APPLICATION NO. DATE 



PI SU 188492 19661101 SU 19650701 

GI For diagram (s), see printed CA Issue. 

AB The title compds. of the general formula I where the double bond is located between 
C-4 and C-5 or C-5 and C-6, R is 0 or H, [3-OH, Rl is an alkyl or an aryl , are 
prepared by treating 17-cyanoandrosta-5 , 16-dien-3- ol with excess alkylmagnesium 
halide in an organic solvent medium, e.g. anisole, at 60-85°, in a current of N. 
The resulting product is subjected to saponification and oxidation 
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Compound (VIII) 
CAS Registry Record: 

RN 2855-62-1 REGISTRY 

ED Entered STN: 16 Nov 1984 

CN Androst-5-en-17-one, 3- [2- (diethylamino) ethoxy] - , (3p)- (9CI) (CA 

INDEX NAME) 
OTHER CA INDEX NAMES : 

CN Androst-5-en-17-one, 3p- [2- (diethylamino ) ethoxy] - (7CI) 

OTHER NAMES: 

CN LS 3360 

FS STEREOSEARCH 

MF C25 H41 N 02 

CI COM 

LC STN Files: BEILSTEIN* , CA, CAOLD, CAPLUS, USPATFULL 

(*File contains numerically searchable property data) 



Absolute stereochemistry. 




9 REFERENCES IN FILE CA (1907 TO DATE) 

9 REFERENCES IN FILE CAPLUS (1907 TO DATE) 

3 REFERENCES IN FILE CAOLD (PRIOR TO 1967) 

Oldest Refs in Chem. Abs.: 

L27 ANSWER 3 OF 3 CAOLD COPYRIGHT 2 006 ACS on STN 
AN CA58:11781e CAOLD 

TI cholesterol biosynthesis - (IV) reduction of lanosterol to 

24 , 25-dihydrolanosterol by rat liver homogenates 
AU Avigan, Joel; Goodman, D. S.; Steinberg, D. 
IT 79-62-9 2855-62-1 107744-23-0 
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with coluidinc blue was Wst$ for operated than for normal rats, ~~ 

A. Hepburn 

Cholesterol biosynthesis . IV. taction of toostero! to 
24,2Wihydrolai30«tefoi by rat livei uwtiogenates . joe! Avigan. 
OeWttt S. Goodman, ;*n<J Dank! Steinberg (T.S. Public Health 
Serv., Hetttesda, Md.), /<jW. CAfw. 238. IJJKi- -tV 
d. CA 56, 10763c- The. anaerobic redn. of laMed lanoste-M, * 
hzosymhcUcaJly prepd. from ^C l< -nievalomc acid, to 24.25-di- 
hydrotonostcrol has been demonstrated with rat liver honKigc- 
nates. Knzymtc activity vra* assncd. with cell girlie lei;, mostly 
wiUi microsomes, and required reduced triphctsphopyridiue 
nucleotide. The enzyme was completely inhibited rm addn. of 
A-ethyJnialcimide or ^^hlororncrcuribenzoeite. inn I did not re- 
quire a hivaicnt cation for activity. Attempts in iltriiw strait' 
the reversibility of side chain redn. o» foixisternl during both 
anaerobic and aerobic inrubations. were not vaiceessru!. TH- 
paranol and two other inhibitors of cholesterol biosynthesis , 
blocked the redn t of both ianosterol and dessnosterol in w/r/>. ^ 
Unlabeled lanosterol or desmustcrol added to the incubation 
medium caused a comparable inhibition of rcdri. of C*Ma»nster«1. 
It ts possible that a single ciuymc is responsibFe for the rcdn. rif 
both ^sterol substrates. V. The lime course and pathway of 
the later slaves of cholesterol biosynthesis in the livers of tn-_. 
tact rats. DcWitt S. Goodman, Joel Avigan, and Daniel 
Steinberg. Ibid, J 287-93. Studies have been cortdueted of 
the time course of the distribution of radioactivity in rat liver 
nonsapouifiable^ at several short interval*; niter the inrmvetn.us 
injection of ^-C* :t -Dl^nicv;donie acid, Recently devi-tuped thin- 
luyer chromatographic techniques were empkiyetJ srmt permit g 
»e pu. of many of the sterol intermediates in elm Jest* to I bio*yn- 
lhc$i*. Both normal and tn para not- fed rats w- fr studied* and 
beochem. techniques were used to ;iirf in the identification < »f 
.suinc of the intermediate com [ids. The appearance of radio- 
activity in liver steml was extremely rapid. After 2 min. 7'v 
of the injected radioactivity was preset H rn hver MviKA^tiifiutdr^, 
;Uiil *l3Vrof this vl ,us i-nntuiucd ju stcrnh>; 57*J. <4 tin* nnttvapom- 
Sable radioactivity was present as squakne. After min., 1 1 Vy. 
of the injected radioactivity was present in the nonsapoiiifiables, 
and of this was contained in sterols. Within the sterol 

fr&ctkm, radioactivity w-is found primarily in lannstcroJ. an ^ 
intermediate zone, A 7 ( +d*)-eh<t?es-ttrioI, and ch'ifestcro-l. The 
relative amt. of radioactivity in the first three of these decreased 
progressively from the max. found at 2 min., w!:kh is" c» insistent 
with the conclusion that these components lie on the major hi<v 
synthelic pathway to cholesterol. After 2 wiin., 63 VJ wf the 



sterol mdiouctivity w;u< in btitOMerol and only VJ% in cholesterol; 
by HQ tain., 76 % oJ the sterol mdtoactivity wris i» cholesterol. 
The evidence presented ??ugirests that the rod k\;ict ivh y in the 
intenueduite none from n^rrnnl nits was contained in a C 7 » 
htero! tnixt. contK- con-jwi*. wuh lx*th said, and unsatd. side 

' chains. The results also indicate that in i>orm;d rats nosigni5- 
eam radtoactiviiy was con tai tied in jj J -**-cholc5tadie«o3 or in 
zysniiiiterol, whereas iiiu^or amis, of radioactivity were present 
in one or both of these coenpds. in triparancl-ucated rats. 
Only traces of radioactivity were found in 2*i.&Vdihydroiano$- 
terol and in desmosierol throughout the time period studied. 
It i$ probable that neither of tticscc eompds. lies on the mnior 
norma I pathway of cholesterol biosyiuht^k. Rcdn. of the side 
churn probably occurs muiidy at sot no. tnterinediate stage in the 
sentence of reactions that modify the cuufigurattoa of the sterol 
uncleiiN. Side chain irdu. does* iwl occur e.xeiusivciy ut any one 

( |>oiist , however, bnt does occur to different degrees at several or 
perhaps at all points sn the tmrmal pathway from luno>t«iol to 
cholesterol. CA 

Fate of ia/ected plasmslo^en in rabbits. A, F. Robertson 
and W. E. M. Lands UTtiiv. of Michigan, Ann Arbor). J. 
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TI Pharmacological 30- (aminomethoxy ) -5-androsten-17-ones 

PA Upjohn Co. 

SO 8 pp. 

DT Patent 

LA Unavailable 

FAN.CNT 1 

PATENT NO. KIND DATE APPLICATION NO. DATE 



PI NL 6404875 
see also US 3172894 



19640501 <-- 
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PRAI US 19630501 
GI For diagram(s), see printed CA Issue. 

AB I, in which R is NH2 , NEt2, or NMeCH2CH20H, are prepared by halogenating 30- 
(carboxymethoxy) - 5-androsten-17-one (II), and then treating the formed 30- 
(halof ormylmethoxy) -5-androsten-17-one with NH3 , NHEt2 , or methylaminoethanol . 
Thus, 2 g. II is dissolved in 25 ml. tetrahydrof uran (THF) containing 3 drops 
pyridine and 5 ml. oxalyl chloride. The mixture is stirred 3 0 min . at 0°, then 3 0 
min. at room temperature, the solution concentrated in vacuo <25°, and 25 ml. 
anhydrous C6H6 added. The solution is evaporated to dryness in vacuo, the obtained 
chlorof ormylmethoxy compound dissolved in 50 ml. THF, and 5 ml. NHEt2 added at 0°. 
The mixture is stirred 2 hrs . at room temperature, evaporated in vacuo, the residue 
dissolved in AcOEt, the solution washed successively with H20, dilute acid, dilute 
base and H20, and dried over anhydrous sulfate. The organic solution is evaporated 
and recrystd. from a mixture of Skellysolve B hexanes and ether (3:2), and then 
recrystd. (ether) to yield 1.45 g. 3p- (diethylcarbamoylmethoxy) -5-androstan- 17-one 
(I, R = NEt2) (la), m. 110-10.5°, [a]D 5° (CHC13). Ia is useful as sedative and 
diuretic . 



L30 ANSWER 2 OF 3 HCA COPYRIGHT 2006 ACS on STN 

AN 62:91231 HCA Full-text 

OREF 62:16336a-c 

TI Steroid [3 , 2-b] pyridines 

IN Shimizu, Masao; Ota, Motokichi; Ueno, Katsujiro; Takegoshi, Toshio 

PA Daiichi Seiyaku Co., Ltd. 

SO 5 pp. 

DT Patent 

LA Una va i 1 ab 1 e 

FAN.CNT 1 

PATENT NO. KIND DATE APPLICATION NO. DATE 



PI JP 40003917 B4 19650302 JP 19620504 <-- 

PRAI JP 19620504 
GI For diagram(s), see printed CA Issue. 

AB A mixture of 4 g, 2 -hydroxymethylene-17p-hydroxyandrostan-3-one, 2 g. 

cyanoacetamide, 400 ml.' EtOH, and 9.0 ml. NEt3 is refluxed for 10 hrs., concentrated 
in vacuo, to the residue is added H20, and precipitated mass is recrystd. from MeOH 
(or AcOEt) to give I (R = CN, R* =0, R'' = H) , m. >300°. Similarly are prepared the 
following I (R, R', R'\ and m.p. given): CN, 0, Me, >300°; CN, S, H, >300°; CN, S, 
Me, >300°. Also are prepared the following II (R, R ' , R 1 ' , and m.p. given): CONH2 , 
NH2, Me, 250-2.5° (AcOEt); CONH2 , NH2 , H (having a double bond between 4-5), 274-6.5° 
(decomposition) (MeOH) ; CONH2 , NH2 , Me (having a double bond between 4-5), 196- 
7°/276-80° (double m.p.) (AcOEt); C02Et, NH2 , H, 140° (decomposition) (MeOH) ; C02Et, 
NH2, Me (having a double bond between 4-5), 183-7° (MeOH). 
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AB Studies have been conducted of the time course of the distribution of radioactivity 
in rat liver nonsaponif iables at several short intervals after the intravenous 
injection of 2-C14-DL-mevalonic acid. Recently developed thin-layer chromatographic 
techniques were employed that permit separation of many of the sterol intermediates 
in cholesterol biosynthesis. Both normal and triparanol- f ed rats were studied, and 
biochem. techniques were used to aid in the identification of some of the 
intermediate compds . The appearance of radio-activity in liver sterol was extremely 
rapid. After 2 min . 7% of the injected radioactivity was present in liver 
nonsaponif iables , and 43% of this was contained in sterols; 57% of the 
nonsaponif iable radioactivity was present as squalene. After 30 min., 11% of the 
injected radioactivity was present in the nonsaponif iables , and 89% of this was 
contained in sterols. Within the sterol fraction, radioactivity was found primarily 
in lanosterol, an intermediate zone, A7 ( +A8) -cholestenol , and cholesterol. The 
relative amount of radioactivity in the first three of these decreased progressively 
from the maximum found at 2 min., which is consistent with the conclusion that these 
components lie on the major biosynthetic pathway to cholesterol. After 2 min., 53% 
of the sterol radioactivity was in lanosterol and only 19% in cholesterol; by 30 
min., 76% of the sterol radioactivity was in cholesterol. The evidence presented 
suggests that the radioactivity in the intermediate zone from normal rats was 
contained in a C2 8 sterol mixture containing compds. with both saturated and unsatd. 
side chains. The results also indicate that in normal rats no significant 
radioactivity was contained in A7 , 24-cholestadienol or in zymosterol, whereas major 
amts . of radioactivity were present in one or both of these compds. in triparanol- 
treated rats. Only traces of radioactivity were found in 24 , 2 5-dihydrolanosterol 
and in desmosterol throughout the time period studied. It is probable that neither 
of these compds. lies on the major normal pathway of cholesterol biosynthesis. 
Reduction of the side chain probably occurs mainly at some intermediate stage in the 
sequence of reactions that modify the configuration of the sterol nucleus. Side 
chain reduction does not occur exclusively at any one point, however, but does occur 
to different degrees at several or perhaps at all points in the normal pathway from 
lanosterol to cholesterol. 
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AB cf. CA 56, 10753i. The anaerobic reduction of labeled lanosterol, biosynthetically 
prepared from 2-C14-mevalonic acid, to 24,25- dihydrolanosterol has been 
demonstrated with rat liver homogenates. Enzymic activity was associated with cell 
particles, mostly with microsomes, and required reduced triphosphopyridine 
nucleotide. The enzyme was completely inhibited on addition of N-ethylmaleimide or 
p- chloromercuribenzoate, and did not require a bivalent cation for activity. 
Attempts to demonstrate the reversibility of side chain reduction of lanosterol 
during both anaerobic and aerobic incubations were not successful. Triparanol and 
two other inhibitors of cholesterol biosynthesis blocked the reduction of both 
lanosterol and desmosterol in vitro. Unlabeled lanosterol or desmosterol added to 
the incubation medium caused a comparable inhibition of reduction of C14-lanosterol . 
It is possible that a single enzyme is responsible for the reduction of both sterol 
substrates . 
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Recent studies on cholesterol biosynthesis have defined the 
reaction sequence between mevalonic acid and squalene (1-3). 
Moreover, it is well established that squalene is cyclized to 
lanosterol, which is then converted to cholesterol (4-8). This 
conversion requires the removal of three methyl groups (at posi- 
tions 4,4', and 14) from lanosterol, a shift of the nuclear double 
bond from position 8,9 to 5,6, and reduction of the side chain 
double bond at position 24,25. A large number of sterol inter- 
mediates between lanosterol and cholesterol have been isolated 
from biological sources or shown to be convertible to cholesterol 
by tissue preparations, or both (9-20). There is still uncer- 
tainty, however, about the normal sequence of reactions in this 
later part of the biosynthetic pathway, particularly with regard 
to the point at which the side chain double bond is reduced. 
Thus, it has been shown that rat liver homogenatcs under 
anaerobic conditions can reduce the side chain of both lanosterol 
(21, 22) and desmosterol (24-dehydrocholesteroI) (20). Treat- 
ment with triparanol and with certain other inhibitors leads to 
accumulation of desmosterol in animal tissues (19), establishing 
that all of the modifications of nuclear structure can occur be- 
fore reduction of the side chain. On the other hand, it has also 
been shown that 24 , 25-dihydrolanosterol can be converted to 
cholesterol by liver homogenates from both normal and tri- 
paranol-treated rats (10, 21, 22). Since reduction of the side 
chain double bond is probably irreversible (21), this indicates 
that all of the nuclear modifications can also occur after reduction 
of the side chain. It is clear, therefore, that alternate pathways 
exist between lanosterol and cholesterol, and that the demon- 
stration of a given enzymatic reaction does not establish it as 
necessarily being on the major pathway. 

In the present study, information about the normal pathway 
of cholesterol biosynthesis was sought by following the time 
course of the distribution of radioactivity in liver sterols at 
short time intervals after the intravenous injection of 2-C M - 
mevalonic acid to normal rats. Recently developed thin layer 
chromatographic techniques (23), which permit separation of 
many of the sterols proposed as intermediates in cholesterol 
biosynthesis, were employed. Both normal and triparanol-fed 
rats were studied, and biochemical techniques were used to aid 
in the identification of some of the intermediate compounds. 

* Present address, Department of Medicine, Columbia Univer- 
sity College of Physicians and Surgeons, New York 32, New York. 



EXPERIMENTAL PROCEDURE 

The animals employed were male Sprague-Dawley rats 
weighing 150 to 200 g; they were fed Purina laboratory chow 
ad libitum. Some rats were fed 0.1% triparanol, added to the 
usual diet for several weeks before the study. 

2-C"-DL-mevalonic acid was purchased from the Volk Radio- 
Chemical Company as its dibenzylethylenediamine salt, and 
was converted to the potassium salt by addition of a slight excess 
of KOH, extraction of the diamine with light petroleum ether, 
and neutralization. Thirty to 50 nc of C H -mevalonate, con- 
tained in 1 to 1.5 ml of 0.85% NaCl solution, were injected into 
the tail veins of the rats. After specified short time intervals 
the animals were decapitated and the livers were excised and 
extracted in a small blender with 25 volumes (volume per weight) 
of acetone-ethanol (1:1, volume for volume). The time interval 
between decapitation and blending the liver was not more than 
30 to 40 seconds. The subsequently tabulated time intervals 
are those between injection of radioactive label and decapitation. 
The total lipid extract from the liver was saponified for 1 hour 
at 60° under nitrogen with 2% KOH in 50% ethanol, and the 
neutral lipids present after saponification (subsequently called 
"nonsaponifiables") were then extracted with light petroleum 
ether. The liver nonsaponifiable lipids contained from 5 to 11 % 
of the injected radioactivity, which represented 10 to 22% of 
the active isomer of mevalonic acid. 

Thin layer silicic acid chromatography of the nonsaponifiable 
fraction was performed as described elsewhere (23). The plates 
were prestained with rhodamine 6G to provide easy visibility of 
the various components. Samples were usually applied as long 
bands containing up to 10 mg of nonsaponifiable material per 
plate. A carrier mixture of lanosterol-dihydrolanosterol (1 mg) 
was added to the liver nonsaponifiables, and the sample was 
chromatographed on 20-cm-long plates in benzene-ethyl acetate 
(5:1, volume for volume). The developed plates showed two 
bands fluorescent under ultraviolet light: a thin band of lano- 
sterol-dihydrolanosterol with an R F of about 0.7, and a wider 
band of cholesterol with an R F of about 0.5. The cholesterol 
band also contained all of the other 27 carbon sterols tested 
(desmosterol, A 7 -cholestenol, zymosterol, and 7-dehydrocholes- 
terol) and will be referred to as the 27 carbon sterol zone. The 
two fluorescent zones were usually separated by approximately 
1.5 cm; two or three thin bands of ultraviolet light-absorbing 
(dark) material were visible between them. The strongest of 
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these bands was often contiguous with the upper border of the 
27 carbon sterol zone. The identity of these ultraviolet light- 
absorbing compounds is not known. For the preparation of 
biosynthetic lanosterol of high specific radioactivity, thin layer 
chromatography was performed without adding carrier lano- 
sterol. In these instances, reference spots of lanosterol-dihy- 
drolanosterol were run on the same plates. 

After chromatography, the plates were divided into four zones : 
Zone 1, comprising all of the area less polar than (with R? 
greater than) lanosterol; Zone 2, the 30 carbon sterols (lanosterol 
and dihydrolanosterol); Zone 3, the area between Zone 2 and 
the 27 carbon sterols; Zone 4, the 27 carbon sterol band. These 
zones were separately scraped onto filter paper and eluted with 
CHC1 3 . Aliquots of the eluates were assayed for radioactivity, 
and the remainder of the samples was used for further studies. 
On several occasions the material on the remainder of the plate 
(from the 27 carbon sterol zone down to the origin) was eluted; 
the radioactivity recovered from this portion of the plate never 
constituted more than 2% of the total radioactivity recovered. 

In several instances the material eluted from Zones 2 and 3 
was separately rechromatographed. In every case more than 
90% of the recovered radioactivity was again found in the same 
zone. This showed that the radioactivity found in these zones 
was not due to inadequate resolution of the chromatograms. 
This procedure was also used for preparative purposes, in order 
to obtain pure fractions representative of Zones 2 and 3. 

Further separation of the 27 carbon sterol zone into A 5 -stenols 
and A 7 ( -f-A 8 )-stenols was effected by addition of desmosterol 
and A 7 -choIestenol as carriers, and by chromatography on 40- 
cm-long plates for 24 to 36 hours in an atmosphere of CO 2 with 
benzene-ethyl acetate, 20:1. This resulted in resolution of two 
completely separated fluorescent bands: an upper one contain- 
ing cholesterol and desmosterol, and a lower one containing 
A 7 -cholestenol. Since compounds that differ only in the pres- 
ence or absence of the side chain (A 24 ) double bond do not sepa- 
rate in this system (cholesterol and desmosterol, lanosterol and 
dihydrolanosterol) it was assumed that A 7 ' 24 -cholestadienol, if 
present, would migrate together with A 7 -cholestenol, and sup- 
port for this assumption has been obtained from the results in 
triparanol-fed rats reported below. It has also been assumed, 
on the basis of known column chromatographic behavior, that 
A 8 -stenoIs would migrate together with A 7 -stenols in this system. 
When chromatographed on silicic acid columns, both zymosterol 
and zymostenol, as well as A 7 -cho]estenol, migrate behind choles- 
terol and desmosterol (14, 15). In the thin layer chromato- 
graphic system used here, zymosterol migrates with A 7 -cho- 
lestenol. Further proof for these assumptions must await 
studies with pure compounds of known structure. 

In the studies which follow, no attempt was made to isolate 
separately A 5 ' 7 -choIestadienol (7-dehydrochoIesterol), which 
migrates between cholesterol and A 7 -cholestenol in the above 
system. The more recently found method (23) for separation, 
by chromatography on AgNOs-impregnated plates, of 7-dehy- 
drocholesterol from the other C27 sterols was not available at 
the time of this study. 

Separation of sterols differing only in the presence or absence 
of the side chain double bond was achieved by acet3 r lation, fol- 
lowed by chromatography of the steryl acetates on 40 cm-long 
plates for 7 to 8 hours in hexane-benzene, 5:1 (23). 

The total recovery of radioactivity after chromatography was 
usually 85 to 90% of the amount applied to the plate. On 



analysis of compounds differing only in the presence or absence 
of the side chain double bond, the recovery after acetylation 
and chromatography of the acetylated products was usually 65 
to 70%. Simultaneous chromatography or acetylation and 
chromatography, of various mixtures of pure labeled compounds 
(including lanosterol, dihydrolanosterol, cholesterol, and desmo- 
sterol), resulted in identical recoveries for each compound. 
This indicated that losses during the analytical procedures 
probably affected all components equally. In the results which 
follow, the distribution of radioactivity among sterol components 
is calculated from the radioactivity actually recovered after the 
chromatographic analyses. 

For studies in vitro of the conversion of intermediate com- 
pounds to cholesterol, rat liver homogenates were made, as de- 
scribed elsewhere (3, 24), in 0.1 m potassium phosphate buffer, 
pH 7.4, containing 4 mM MgCl 2 and 30 mu nicotinamide, by 
the method of Bucher and McGarrahan (25). The homoge- 
nates were centrifuged at 10,000 X g for 25 minutes, and the q 
10,000 X g supernatant solution, containing microsomes and | 
soluble proteins, was used for the incubations. To 4 ml of this 5" 
homogenate fraction were added 5 //moles of TPN and 10 //moles g- 
of glucose 6-phosphate, and then the substrate sterol in 100 //l 2; 
of acetone solution. Incubations were carried out for 2 hours | 
under oxygen at 37°, and were terminated by the addition of an | 
equal volume of ethanol and 0.1 volume of 40% KOH. After f 
addition of carrier lanosterol-dihydrolanosterol, the mixtures g-' 
were saponified under nitrogen and the nonsaponifiable fractions g 
were analyzed by thin layer chromatography. ^ 

In some experiments C 14 02 was collected in a well containing 3 
0.3 ml of 10% KOH solution. At the end of the incubation, £j" 
0.25 ml of 6 n H&O4 was injected into the medium, and the 5- 
flasks were shaken for 30 minutes at room temperature. The . 
KOH was then quantitatively removed and diluted to 2.5 ml 9 
with water. Two milliliters of this solution were added to 10 $ 
ml of the scintillation mixture described by Bray (26) . and the 0 
samples were assayed in a Packard liquid scintillation spectrom- o 
eter with an efficiency of about 40%. Corrections for quench- o 
ing were made by counting the samples after the addition of 5 
internal standard. All other radioassays were carried out in !£ 
0.5% diphenyloxazole in toluene with a counting efficiency of g 
50 to 55%. The two counting systems were compared by assay g 
of the same amount of C 14 absolute standard in each. The 
amount of C 14 02 recovered was related to the amount of radio- 
active precursor converted to 27 carbon sterols during the incu- 
bation, as determined by radioassay of the total nonsaponifiables, 
followed by thin layer chromatography and analysis of the 
distribution of radioactivity as usual. 

Reference sterols were obtained from the following sources. 
Cholesterol was purchased from Nutritional Biochemicals 
Corporation and was purified via its dibromide (27), followed 
by several crystallizations from ethanol. Desmosterol and 
zymosterol were kindly provided by Dr. D. R. Idler. The 
desmosterol was found to be pure on gas-liquid chromatography, 
but the zymosterol separated into two component peaks of 
comparable size. On thin layer chromatography, however, both 
as the free sterol and after acetylation, this zymosterol prepara- 
tion migrated as a single component that absorbed ultraviolet 
light, presumably owing to the presence of impurities or degrada- 
tion products. In later studies, a reference sample of pure 
zymosterol, generously provided by Dr. Ivan D. Frantz, Jr., was 
used. This material migrated as a single fluorescent band having 
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the same R P as the preparation used in the earlier studies A 7 - 
Cholestenol and 24,25-H 3 -dihydrolanosterol were kindly pro- 
vided by Dr. E. Mosettig, and had been prepared in his labora- 
tory by M. J. Thompson, R. T. Brown, and J. A. Steele; both 
compounds were pure on analysis by both thin layer chromatog- 
raphy and gas- liquid chromatography. Methostenol (4a- 
methyl-A 7 -chotestenol) was obtained from Dr. W. W. Wells. 
The authors wish to acknowledge with thanks the gifts of all 
these compounds. The lanosterol-dihydrolanosterol mixture 
was obtained from the Aldrich Chemical Company. Pure 
lanosterol and pure dihydrolanosterol were prepared by thin 
layer chromatography of the mixed steryl acetates. 

RESULTS 

Distribution of radioactivity in rat liver nonsaponifiables at 
various intervals after the injection of C 14 -mevalonate is shown 
in Table I. At the shortest time intervals studied (2 to 3 min- 
utes), thin layer chromatography Zone 1 contained more than 
50%, and Zone 2 more than 20%, of the radioactivity in normal 
rats. Only 7 to 14% of the nonsaponifiable radioactivity was 
present in Zone 4 (27 carbon sterols). With increasing time 
intervals, the amount of radioactivity in Zones 1 and 2 steadily 
declined, whereas that in Zone 4 markedly increased. After 
30 minutes, 74% of the radioactivity was present in the 27 car- 
bon sterol zone. 

The distribution of radioactivity in triparanol-fed rats differed 
somewhat from that in normal rats (Table T). In the former, 
a higher proportion of radioactivity was present in Zone 2 after 
3 and after 10 minutes. Only 2% of the total radioactivity 
was present in the 27 carbon sterol zone after 3 minutes. In 
addition, there was a distinct fluorescent band corresponding to 
lanosterol in location, on the plates after chromatography of 
nonsaponifiables without addition of carrier lanosterol-dihydro- 
lanosterol. An equivalent band was not observed with prep- 
arations from normal rats. These results suggest that treat- 
ment with triparanol reduced the rate of conversion of lanosterol 
to 27 carbon sterols. 

Zone 1 (Sgualene) — The radioactivity found in Zone 1 was 
located close to the solvent front, distinctly separate from lano- 
sterol. It was assumed to represent squalene, since this is the 
only known nonsaponifiable precursor of cholesterol much less 
polar than lanosterol. This identification was confirmed by 
chromatography of aliquots of several samples of the fiver non- 
saponifiables on columns of alumina (Woelm, Grade II) (28). 
Squalene was eluted with light petroleum ether, followed by 
elution of all the sterols with acetone-ether (1:1, volume for 
volume). The percentage of radioactivity found in the petro- 
leum ether fractions was almost identical with that in the cor- 
responding Zone 1. Schneider, Clayton, and Bloch have identi 
fied the radioactivity in such petroleum ether eluates as squalene 
by formation of the thiourea adduct (7). and squalene purified 
by such column chromatography has been used as a substrate 
for study of the enzymatic cyclization of squalene to sterol (28). 

Zone 2 (Lanosterol) — The radioactivity in Zone 2 corresponded 
chromatographically to lanosterol and dihydrolanosterol. Sup- 
port for the identity of Zone 2 radioactivity with a 30 carbon 
sterol was obtained by biochemical means. Incubation of liver 
homogenates with radioactive material from Zone 2, purified by 
two chromatographies without carrier, resulted in the formation 
of C l4 -cholesteroI in high yield; in some instances more than 80% 
of the recovered radioactivity was found in the 27 carbon sterol 



zone. Quantitative experiments were then conducted to com- 
pare the yield of C M in C0 2 with that in the 27 carbon sterol 
zone. This technique for characterizing lanosterol, by means of 
the ratio of radioactive cholesterol to COj, was first described 
by Olson, Lindberg, and Bloch (5) and by Gautschi and Bloch 
(9), with the use of lanosterol derived from C u -acetate. A 30 
carbon sterol derived from 2-C M -mevaIonate would be expected 
to contain 6 labeled carbon atoms. 1 of which would be located 
in the gem-dimethyl groups at carbon 4 (8); the 14-methyl 
group would not be labeled. In one experiment, the yield of 
C 14 in C0 2 was 1833 d.p.m,, and the 27 carbon sterol zone con- 
tained 9176 d.p.m. The ratio of radioactivity in the 27 carbon 
sterol zone to that in CO2 hence was 5.0, which is precisely the 
theoretical ratio expected for a 30 carbon sterol, since loss of the 
three methyl groups at positions 4,4', and 14 would result in 
loss of 1 of 6 labeled carbons as CO 2. In another experiment, 
the liver nonsaponifiable fraction was obtained from a rat given 
an injection of 2-C l4 -acetate 5 minutes before death, and the q 
Zone 2 compounds were purified by two chromatographies. In- f 
cubation of this material with fiver homogenate resulted in the o 
appearance of 1432 d.p.m. of C" in the 27 carbon sterol zone, and g- 
of 308 d.p.m. of C 14 0 2 (ratio 4.36). Lanosterol derived bio- 2; 
synthetically from 2-C 14 -acetate should contain 18 labeled carbon | 
atoms, including label in all three "extra" methyl groups. The | 
observed ratio of 4.36 hence compares favorably with the ex- | 
pec ted ratio of 5. g 

Acetylation and thin layer chromatography of Zone 2, to- ° 
gcthcr with carrier lanosterol-dihydrolanosterol, revealed that a 
the radioactivity of Zone 2 was present in all samples almost g 
entirely (95% or more) as lanosterol, with only traces of radio- S 
activity associated with dihydrolanosterol. To check the extent 5- 
to which the relatively small amount of radioactivity recovered . 
in the dihydrolanosterol band might reflect contamination from Q 
the much larger amount of radioactivity in the lanosterol §[ 
band, the dihydrolanosteryl acetate in one experiment (Rat 2) g 
was eluted and rechromatographed with added carrier lano- o 
steryl acetate. Fifty-four per cent of the recovered radioactiv- o 
ity was found in the dihydrolanosterol zone. After the initial $ 
chromatography of the steryl acetates, the dihydrolanosteryl K 
acetate zone had contained 3.9% of the recovered radioactivity g 
and the lanosteryl acetate zone 96.1 %. Evidently the radio- §> 
activity definitely attributable to dihydrolanosterol was only 
about 2% of the total in the 30 carbon sterol zone. 

Further evidence that the Zone 2 radioactivity resided almost 

Table I 

Percentage distribution of radioactivity in liver nonsaponifiables of 
normal and triparanol-fed rats at short time intervals after 
intravenous injection of 8-C u -mevalonate 
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entirely in lanosterol was obtained by gas-liquid chromatog- 
raphy, with monitoring of the effluent stream for radioactivity. 
This was kindly performed by Dr. Arthur Karmen (29). In 
every sample a distinct peak of radioactivity emerged with the 
retention time of that of lanosterol. No definite radioactive 
peak corresponding to dihydrolanosterol was observed, and, 
in view of the precision of the measurement, this indicated that 
the dihydro compound contained less than 5% of the radioactivity 
present in lanosterol. 

Separation of On A*-Stenols from (7 27 A 7 (and A*)-Stenols— 
Carrier desmosterol (0.5 mg) and A 7 -cholestenol (1 mg) were 
added to about 1 mg of sterol from Zone 4, and chromatography 
was performed as described above. Table II shows that after 
2 to 3 minutes almost 50% of the C 2 ? sterol radioactivity was 
present in the A 7 -band, whereas by 30 minutes this percentage 
had decreased to below 10%. This finding is consistent with a 
role of A 7 compounds, A 8 compounds, or both as intermediates 
in the synthesis of cholesterol. A second chromatography was 
performed to determine the consistency of chromatographic be- 
havior of the eluted A 7 zone. Carrier desmosterol (1 mg) was 
added, and the chromatography was repeated. Of the recovered 
radioactivity, 93 to 98% was found in the A 7 zone. 

C 2 7 &*-Stenols: Separation of Cholesterol and Desmosterol — To 
reduce possible contamination with other fractions, the material 
eluted from the C 2 7 A 5 zones was first rechromatographed with 
carrier A 7 -choIestenol. The purified A s zone material was then 
acetylated, and the esters were chromatographed as described 
in "Experimental Procedure.'' The results are shown in Table 
III. Only very small fractions of the total radioactivity were 

Table II 



Radioactivity in C27A 7 (-fA B ) zone expressed as percentage of total 
C27 sterol radioactivity 
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Table III 

Distribution of radioactivity between cholesterol and desmosterol in 
C27 A 6 zone 
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initially 


"Desmosterol" 
radioactivity 
recovered in 
desmosterol zone 

on repeated 
chromatography 


Net desmosterol: 
per cent of total 
C 14 in C37 A» zone 




min 


% 


% 




1 


2 


5.3 


77 


4.1 


2 


10 


5.6 


84 


4.7 


3 


30 


1.6 


36 


0.6 


5 


3 


2.0 


40 


0.8 


Tl 


3 


>97 




>97 



recovered in the desmosterol zone in normal rats, whereas almost 
all of the label was recovered in desmosterol in the case of the 
triparanol-treated animal (Tl). Because the amount of radio- 
activity in desmosterol in the normal rats was so small relative 
to that in cholesterol, it was important to check for overlapping 
of zones. The desmosteryl acetate was eluted and, after addition 
of carrier cholesteryl acetate, rechromatographed. As shown in 
Table III, 20 to 60% of the radioactivity found in the desmo- 
sterol zone after the first chromatography was dissociated from 
it by the second chromatography. The corrected values for the 
percentage of true desmosterol radioactivity in the C27 A 5 zones 
are shown in the last column of Table III. In all samples 
from normal rats, desmosterol accounted for less than 5 % of the 
total radioactivity in the C 27 A 5 zone. 

C Z 7 A 7 {+&*)-Stenol8: Side Chain Saturation—The C 2 7 A 7 - 
stenol zones from the normal and the triparanol-treated rats 
were eluted, acetylated, and chromatographed on long plates by 
the method used to separate sterols differing only in the pres- a 
ence or absence of the side chain double bond (desmosterol from § 
cholesterol, lanosterol from dihydrolanosterol). Carrier A 7 - §■ 
cholestenol and, in the absence of available A 7 - 24 -choles tad ienol, g. 
zymosterol were added before acetylation. The developed ^ 
plates showed an upper fluorescent band corresponding to A 7 - o 
cholestenyl acetate and a lower, immediately adjacent, zymo- < 
steryl acetate band. In the case of normal Rats 1, 2, and 3, § 
90% to 93% of the radioactivity was recovered in the A 7 -chole- g-' 
stenyl acetate band; in the case of triparanol-treated Rats Tl 0 
and T2, less than 7% of the label was recovered in the A 7 -chole- ^ 
stenyl acetate zone. The acetylated A 7 -stenoI zone material tj 
from normal Rat 5 and from triparanol-treated Rat Tl were §' 
simultaneously chromatographed on one plate. The upper A 7 - ^ 
cholestenyl acetate zone contained 89% of the radioactivity of ? 
the sample from the normal rat but none of that in the sample Q 
from the triparanol-treated rat. The chromatogram in the 
latter case showed a faint band of fluorescence extending below o 
the zymosterol band. This, when eluted and counted separately, o 
was found to contain more than half of the radioactivity re- o 
covered from the sample. Thus, in triparanol-treated rats the 
major labeled component in the A 7 (+ A 8 ) -stenol zone, when £ 
chromatographed as the acetate ester, moved more slowly than w 
A 7 -cholestenyI acetate, which is consistent with the presence of a g 
side chain double bond. This conclusion is also consistent with 
the known effect of triparanol of inhibiting reduction of the 
sterol side chain (19, 20) and with the tentative identification by 
Frantz and Mobberley of A 7 > 2 *-cholestadienol as a highly labeled 
intermediate during sterol biosynthesis in liver slices from tri- 
paranol-treated rats (30). In contrast, in normal rats most of 
the radioactivity, after acetylation of the A 7 -stenol zone material, 
chromatographed together with A 7 -cholestenyl acetate. This 
suggests that almost all of the labeled C27 A 7 (+ A 8 )-stenol 
from normal rats possessed a saturated side chain. 

The presence or absence of the side chain double bond was 
further checked by a biological approach, based on the ability 
of triparanol to inhibit reduction of the sterol side chain. In- 
cubations were conducted with various precursor sterols as sub- 
strates, with the use of liver homogenates from rats fed 0.1% 
triparanol for the preceding 2 weeks. The precursor sterols 
either were of biosynthetic origin from normal and triparanol- 
treated rats or were synthesized chemically. It was expected 
that substrates with saturated side chains would yield only 
cholesterol in the C27 A 5 zone, whereas substrates with unsatu- 
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rated side chains would yield mainly desmosterol. Because in- 
hibition of side chain reduction during the incubations was in- 
complete, the results shown in Table IV had to be related to 
those obtained with reference compounds of known structure. 
As a reference compound with a saturated side chain, 24 , 25 II s - 
dihydrolanosterol was used. C 14 -lanosterol, purified from chro- 
matography Zone 2 from Rat Tl, was used as reference for 
compounds with unsaturated side chains. As expected, when 
dihydrolanosterol was used as substrate, all (98%) of the C27 A 5 
radioactivity was found in cholesterol. In contrast, when lano- 
sterol was used as substrate only 49% of the C27 A 5 radioactivity 
was found in cholesterol, the remaining 51% being in desmo- 
sterol. Although there was only partial inhibition of side chain 
reduction during the incubations, the difference is striking. 
When the eluted C^ A 7 zone from normal Rat 5 was used as 
substrate, virtually all (98%) of the A 6 zone radioactivity was 
found in cholesterol. With the C27 A 7 zone from triparanol- 
treated Rat Tl as substrate, however, only 51 % of the C 2 7 A 6 
radioactivity was in cholesterol and 49% was in desmosterol. 
Thus the C 2 7 A 7 zone radioactivity from the normal rat yielded 
cholesterol almost exclusively, whereas that from the triparanol- 
fed rat yielded a desmosterol-cholesterol mixture in the same 
ratio obtained with reference lanosterol. This adds support to 
the conclusion that the radioactivity of the "A 7 " zone was in 
compounds with saturated side chains in normal rats, and in 
compounds with unsaturated side chains in triparanol-fed rats. 

Zone 3 — Only preliminary information has been acquired as 
to the identity of the radioactive substance or substances in 
Zone 3. Since methostenol migrates in the center of this zone, 
we thought it likely that the radioactivity of Zone 3 was con- 
tained in C 2 s or C29 sterols. In addition, gas-liquid chromatog- 
raphy revealed a definite peak of radioactivity with retention 
time similar to that of methostenol. Because of technical in- 
adequacies of analyzing the gas chromatographic effluent for 
radioactivity, it could not be determined with confidence whether 
the radioactivity peak had a retention time identical with that 
of methostenol. These analyses also suggested the presence of 
one or more additional smaller peaks of radioactivity in the 
same zone and were not entirely satisfactory. 

Information about the Zone 3 material was sought by bio- 
chemical means. Incubation of this material with liver homoge- 
nates showed its conversion to cholesterol in good yield. Ex- 
amples of such incubations are shown in Table IV. Attempts 
were then made to determine the number of carbon atoms in the 
Zone 3 sterol or sterols., and to try to define the position of any 
"extra* ' methyl groups present. An incubation was carried out 
with purified Zone 3 material obtained after two chromatog- 
raphies from the rat injected with 2-C 14 -acetate. Radioactiv- 
ity from the latter is incorporated into all of the "extra" methyl 
groups of the sterol precursors of cholesterol. After the incuba- 
tion, 2464 d.p.m. of C 14 were present in 27 carbon sterols, and 148 
d.p.m. in CO 2. The ratio of radioactivity in 27 carbon sterols 
to that in CO % was, thus, 16.7. This suggested that the radio- 
activity in Zone 3 was mainly present in 28 carbon sterols, since 
the expected ratio for a 28 carbon sterol is 15, and for a 29 car- 
bon sterol, 7.5. No C"02 was obtained with C"-cholesterol as 
control substrate. 

To determine the homogeneity of this sterol fraction, an 
experiment was conducted to find whether the radioactivity in 
Zone 3 would separate into two peaks on thin layer chromatog- 
raphy after acetylation. Zone 3 material prepared by thin 



Table IV 



Conversion of intermediate sterols to cholesterol or desmosterol with 
liver homogenates from triparanol-lreated rats 



Substrate 


Source 


Per cent of recovered 
radioactivity 


Per cent of 
Cti A 5 radio* 
activity as 














C« A 7 


C*7A» 


cholesterol 






H 3 -dihydrolanosterol 


Chemical 
labeling 


25 


26 


98 


C u -lanosterol 


Rat Tl 


23 


65 


49 


C"-C 27 A 7 zone 


Rat Tl 


24 


76 


51 




Rat 5 


13 


87 


98 


C»-Zone 3, total 


Rat Tl 


34 


54 


57 




Rat 5 


27 


42 


79 


C u -Zone 3, total (re- 


Rat 5 


22 


49 


86 


peat experiment) 










C M -Zone 3a* 


Rat 5 


22 


35 


89 


C u -Zone 3b* 


Rat 5 


30 


43 


51 



* See the text. z> 



Q. 

layer chromatography from the "nonsaponifiable" fraction of 40 8. 
rat livers was used as carrier. After acetylation and chroma- 3 
tography, the lower half of the plate was divided into several | 
narrow zones. Radioactivity was present as a broad single band. | 
The upper three-fourths of this band was combined into a single -j? 
sample (Zone 3a) , as was the lower one-fourth (Zone 3b). These £ 
samples were then hydrolyzed to regenerate the free sterol, and ^ 
incubations were conducted as shown in Table IV, Different ^ 
results were obtained with the two fractions. Most (89%) of n 
the C27 A 6 -stenol derived from Zone 3a was cholesterol, com- Z 
pared to only 51 % from Zone 3b. This suggests that most of ^ 
Zone 3b sterol contained an unsaturated side chain, whereas O 
most of the Zone 3a had a saturated side chain. The unfrac- 8- 
tionated Zone 3 gave, on incubation, 79 to 86% of the C 2 7 A 6 0 
radioactivity in the form of cholesterol (Table IV). This q 
indicated that Zone 3, as a whole, contained a preponderance of g- 
compounds with saturated side chains. In contrast, only 57% g" 
of the C27 A 5 radioactivity derived from Zone 3 from the tri- w 
paranol-treated rat (Tl) was found in cholesterol. This showed ^ 
that in Zone 3, as well as in the other chromatographic zones, 0 
the labeled sterols from the triparanol-treated rat were almost 
entirely unsaturated in the side chain, 

DISCUSSION 

The results summarized in Table V show the rapidity with 
which intravenously injected 2-C u -mevalonate appeared in liver 
sterol. As early as 2 minutes after injection, the percentage of 
injected radioactivity recovered in liver nonsaponifiables was 
almost as great, and at 10 minutes it was as great, as that re- 
covered after 30 minutes. Two minutes after injection, 43 % of 
the radioactivity in the nonsaponifiable fraction was present as 
sterol. By 30 minutes, the radioactivity in the sterols had risen 
to 89% of the total and only 11 % remained in squalene. Within 
the sterol fraction, radioactivity was found primarily in lano- 
sterol, in the intermediate Zone 3 (C28 sterols), in A 7 -cholestenol, 
A 8 - cholestenol, or both, and in cholesterol. The relative 
amount of radioactivity in lanosterol, Zone 3, and the choles- 
tenols decreased progressively from the maximum found at 2 
minutes, which is consistent with the conclusion that these 
components lie on the major biosynthetic pathway to choles- 
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Table V 

Time course of distribution of radioactivity in rat liver nonsaponi- 
fiables after g-C^-DL-mevalonale 





• 

1 (2 mio) 


Rat 

2 (10 
min) 


3 (30 
min) 


A. Per cent of injected radioactivity in 








liver nonsaponifiables 


7 


11 


11 


B. Per cent of total nonsaponifiable radio- 








activity : 








Squalene 


57 


30 


11 


Sterol 


43 


70 


89 


C. Per cent of sterol radioactivity: 








Lanosterol 


53 


24 


8 


Dihydrolanosterol 


<2.5 


0.5 


<0.5 


Intermediate (Zone 3) 


14 


13 


9 


A 7 (+A 8 )-Cholestenol 


14 


11 


6.1 




0.8 


2.3 


0.5 


Cholesterol 


19 


50 


76 



terol. Lanosterol, of course, is well established as the first 
sterol intermediate in the pathway (7, 8), and the present results 
thus extend the observations of Schneider, Clayton, and Bloch 
(7). The relatively large fraction of radioactivity present in 
lanosterol at 2 and 10 minutes suggests that the cyclization of 
squalene is not a rate-limiting step. 

Because the components in Zone 3 were not identified, only 
tentative conclusions can be drawn about the sterols in this 
fraction. Zone 3 would be expected to include C28 and C29 
sterols in the chromatographic system used. Several 28 and 
29 carbon sterol intermediates have been identified from biologi- 
cal sources. Gautschi and Bloch identified radioactive A 8 - 24 - 
4,4'-dimethyIcholestadien-3£-ol (14-norlanosteroI) from the 
nonsaponifiables from intestines plus livers of rats injected 10 
minutes previously with C 14 -acetate (9). Kandutsch and 
Russell identified 4-methyl-A 8 -choIestenol from preputial gland 
tumors of mice, and showed that this was convertible to choles- 
terol by rat liver homogenates (10). Wells and Lorah (11) and 
Neiderhiser and Wells (12) identified labeled 4-methyl-A 7 -choIes- 
tenol (methostenol) in the nonsaponifiables of the skin and of 
the combined liver and small intestine of rats given C "-acetate, 
and showed that this methostenol was converted to cholesterol 
in high yield. In the present work, comparison of the yield of 
C u 0 2 with the yield of choIesteroI-C 14 on incubation of 2-C 14 - 
acetate -labeled Zone 3 material with a normal liver homogenate 
suggested that most of the radioactivity resided in C 2 s sterols. 
Further work is needed to define this fraction. 

The finding that as much as 14% of the total sterol radioactiv- 
ity at 2 minutes was present in A 7 (-f A 8 )-cholestenol strongly 
suggests that this compound is on the major pathway. Frantz 
et al (13, 14) have shown that A 7 -cholestenol is readily converted 
to cholesterol by rat liver. The present studies show further 
that in normal rats almost all of the radioactivity in the A 7 
(+ A 8 )-C 2 7 fraction was present in compounds with saturated 
side chains. After acetylation the radioactivity migrated on 
thin layer chromatography together with reference A 7 -choles- 
tenol. When the corresponding fraction isolated from the livers 
of triparanol-treated rats was similarly acetylated and chroma- 
tographed, almost all of the radioactivity migrated behind the 
A 7 -cholestenoI zone, as did reference zymosterol. The results 



are consistent with the presence of a side chain double bond in 
the sterol isolated from triparanol-treated rats. Further sup- 
port for these assignments of side chain structure was obtained 
by determining whether the compounds gave rise to desmos terol 
or to cholesterol upon incubation with liver homogenates from 
triparanol-treated rats (Table IV). 

Stokes and Fish have reported that relatively larger amounts 
of radioactive desmos terol were found in rat liver nonsaponifi- 
ables 5, 15, and 120 minutes after the injection of C 14 - acetate 
(17). In their study, desmosterol represented 4.9%, 3.8%, and 
2.3% of the total sterol (digitonide-precipitable) radioactivity at 
the three time intervals studied. In the early stages of this 
study, before the separation of the 27 carbon sterols into A 7 - 
and A ^compounds had been developed, we in fact concluded in- 
correctly that much larger amounts of radioactivity were located 
in desmosterol (22). Almost all of this radioactivity was later 
found to be present in A 7 -stenols. 

Since only traces of radioactivity were found in dihydrolano- 
sterol and in desmosterol during the time period studied, it is 
probable that neither dihydrolanosterol nor desmosterol lies on 
the major pathway of cholesterol biosynthesis. This conclusion 
must be tentative in the absence of information about the size 
and turnover rate of the available pools of each of the inter- 
mediate sterols. It is conceivable, for example, that no signifi- 
cant radioactivity would be observed in a component on the main 
pathway because of a small pool size and very rapid turnover 
rate. If this were the explanation for the low recovery of radio- 
activity in dihydrolanosterol, the metabolically active dihydro- 
lanosterol pool in rat liver would have to be at least 20 times 
smaller than the corresponding lanosterol pool. However, our 
preliminary gas-liquid chromatographic studies 1 have suggested 
that the amounts of these two sterols in rat liver are similar. 
Even stronger evidence exists against the possibility of desmo- 
sterol being on the main pathway. This derives from the dem- 
onstration that the major amounts of radioactivity found in the 
C27 A 7 (+ A 8 )-fractions were always present almost entirely in 
compounds with saturated side chains. Since A 7 -cholestenol 
thus appears to be on the major pathway as a precursor of choles- 
terol, desmosterol could only be on the major pathway if reduc- 
tion of the side chain double bond were reversible. There is no 
evidence that desaturation of the side chain can occur, and 
evidence to the contrary exists for the cases of dihydrolanosterol 
(21) and A 8 -cholestenol (15). 

Although the amounts of radioactivity in dihydrolanosterol 
and in desmosterol were very small, careful, repeated chromatog- 
raphy showed that they were real. It has been reported else- 
where that rat liver contains enzymes capable of reducing lano- 
sterol to the dihydro compound (21, 22), and also of converting 
lanosterol to desmosterol with retention of the side chain double 
bond (18, 19). In addition, the biological studies of the material 
in intermediate Zone 3 (Table IV) indicated that it was probably 
a mixture of side chain saturated and side chain unsaturated 
C 2 g sterols. 

On the basis of these results, it is concluded that reduction of 
the side chain double bond does not occur primarily either at 
the very beginning or at the very end of the sequence of reactions 
that modify the configuration of the sterol nucleus. Thus, re- 
duction of lanosterol and reduction of desmosterol are probably 
not quantitatively important steps in the normal pathway of 

1 Unpublished experiments. 
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cliolesterol biosynthesis in rat liver. Furthermore, the failure to 
find any significant amount of radioactivity in side chain un- 
saturated compounds in the C 2 7 A 7 -stenoJ fraction, and the bio- 
logical evidence cited above with regard to the Zone 3 materia), 
suggests that side chain reduction at the 28 carbon stage may be 
quantitatively important. The results show further that reduc- 
tion of the side chain does not occur exclusively at any one given 
point, but that it can occur to different degrees at several or 
perhaps at all points in the normal pathway from lanosterol to 
cholesterol. 

summary 

Studies have been conducted of the time course of the distribu- 
tion of radioactivity in rat liver nonsaponifiables at several short 
intervals after the intravenous injection of 2-C H -DL-mevaJonic 
acid. Recently developed thin layer chromatographic tech- 
niques were employed that permit separation of many of the 
sterol intermediates in cholesterol biosynthesis. Both normal 
and triparanol-fed rats were studied, and biochemical techniques 
were used to aid in the identification of some of the intermediate 
compounds. 

The appearance of radioactivity in liver sterol was extremely 
rapid. After 2 minutes, 7% of the injected radioactivity was 
present in liver nonsaponifiables, and 43% of this was contained 
in sterols; 57% of the nonsaponifiable radioactivity was present 
as squalene. After 30 minutes 1 1 % of the injected radioactivity 
was present in the nonsaponifiables, and 89% of this was con- 
tained in sterols. Within the sterol fraction, radioactivity was 
found primarily in lanosterol, an intermediate zone, A 7 (-f A s )- 
cholestenol, and cholesterol. The relative amount of radioactiv- 
ity in the first three of these decreased progressively from the 
maximum found at 2 minutes, which is consistent with the con- 
clusion that these components lie on the major biosynthetic 
pathway to cholesterol. After 2 minutes, 53% of the sterol 
radioactivity was in lanosterol and only 19% in cholesterol; by 
30 minutes, 76% of the sterol radioactivity was in cholesterol. 

The evidence presented suggests that the radioactivity in the 
intermediate zone from normal rats was contained in a C 2 s 
sterol mixture containing compounds with both saturated and 
unsaturated side chains. The results also indicate that in nor- 
mal rats no significant radioactivity was contained in A 7,24 - 
cholestadienol or in zymosterol, whereas major amounts of 
radioactivity were present in one or both of these compounds in 
triparanol- treated rats. 

Only traces of radioactivity were found in 24,25-dihydroIano- 
sterol and in desmosterol throughout the time period studied. 
Tt is probable that neither of these compounds lies on the major 
normal pathway of cholesterol biosynthesis. Reduction of the 
side chain probably occurs mainly at some intermediate stage in 
the sequence of reactions that modify the configuration of the 



sterol nucleus. Side chain reduction does not occur exclusively 
at any one point, however, but docs occur to different degrees at 
several or perhaps at all points in the normal pathway from lano- 
sterol to cholesterol. 
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One of the reactions involved in the biosynthesis of cholesterol 
is the reduction of a side chain double bond, present in lanosterol 
at the 24,25-position. Although it is not clear which one of the 
series of sterol intermediates normally undergoes this reduction, 
it has been shown that 24,25-dehydrocholesterol (desmosterol) 
accumulates in vivo under the influence of certain inhibitors 
(1-3), and that in normal animals this sterol is rapidly converted 
in vivo (4, 5) and in vitro (6) to cholesterol. No similar informa- 
tion is available on the enzymatic reduction of the side chain of 
lanosterol, but the presence of 24 , 25-dihydrolanosterol in skin 
sterols indicates that lanosterol may also undergo biological 
hydrogenation of its side chain. In addition, Kandutsch and 
Russell (7) have observed the formation of 24,25-dihydrolano- 
sterol by mouse preputial tumor tissue and have demonstrated 
the conversion of that sterol to cholesterol by homogenates of 
preputial tumor, and to a lesser extent by liver. In the present 
study, the reduction of lanosterol to 24,25-dihydrolanosterol by 
fractions of rat liver homogenates was investigated. 

EXPERIMENTAL PROCEDURE 

Lanosterol labeled with C 14 was prepared biosynthetically 
from 2-C 14 -mevalonic acid. The latter was purchased as its di- 
benzylethylenediamine salt, and was converted to the potassium 
salt by alkalinization with KOH, extraction of the amine with 
light petroleum ether, and neutralization. The C 14 -mevalonate 
was injected intravenously into rats (approximately 50 /xc per 
rat), and after 2 to 10 minutes the livers were excised and homog- 
enized in a small blender with 25 volumes of acetone-ethanol 
(1:1). 

The resulting lipid extract was saponified with 2% KOH in 
50% ethanol under nitrogen for 1 hour, and the nonsaponifiable 
lipids were extracted with light petroleum ether and fractionated 
by thin layer chromatography as described in detail elsewhere 
(8), In brief, the method consisted of chromatography of the 
material with benzene-ethyl acetate (5:1) on glass plates, 20 X 
20 cm, covered with Silica Gel-G. To make the zones visible 
under ultraviolet light the dye, rhodamine 6G, was incorporated 
into the thin layer. This procedure separated the 30 carbon 
sterols (approximate R? 0.7) from those containing 27 to 29 
carbons (R? 0.5 for cholesterol) and from squalene (R F 0.95). 

* A preliminary report has been published in Federation Proc, 
21, 300 (1962). 

f Present address, Department of Medicine, Columbia Univer- 
sity College of Physicians and Surgeons, New York 32, New York. 



The lanosterol fraction was eluted and rechromatographed in a D 
concentrated band, and the purified sterol was eluted and used| 
as substrate. It was found that rats fed 0.1% triparanol for§- 
several weeks yielded more C 14 -lanosterol than normal animals g- 
(9). The absence of labeled 24,25-dihydrolanosterol was 2; 
demonstrated by thin layer chromatography as described below. | 
The mass of lanosterol was approximately estimated from theg 
visual intensity of the lanosterol band after the second chroma- § 
tography. The specific radioactivity calculated from this valuer 
and from the total radioactivity was about 5000 c.p.m. per fxg,'o 
Evidence for purity of the product was furnished by gas-liquid^ 
chromatography on a column containing a support coated with -J 
SE-30 silicon rubber with monitoring of the effluent stream forg 
radioactivity. On aerobic incubation with rat liver homoge-5- 
nates, the material was converted to cholesterol in high yield.? 
The ratio of radioactivity in C 14 -cholesterol formed to that in £2 
C J4 02 released was almost exactly 5.0, as predicted for a 30 car-£[ 
bon sterol originating from 2-C 14 -mevalonate, o 

Rat liver homogenates were made, as described in detail else-o 
where (10, 11), in 0.1 m potassium phosphate buffer, pH 7.4 
containing 4 mM MgCl? and nicotinamide, by the method of 5 
Bucher and McGarrahan (12). The 2,000 X g supernatant £ 
solution, mitochondria, microsomes, and the "104,000 X 
supernatant" were prepared from the homogenates as described § 
(10, 11). Particles were washed once and then suspended in a 
volume of buffer equal to one-fifth the volume of the liver ho- 
mogenate from which they had been prepared. 

Incubations were conducted in 25-mI Erlenmeyer flasks at 37° 
in a shaking incubator, for 2 hours, under a stream of nitrogen 
saturated with water. Each flask contained homogenate frac- 
tions as indicated, 0.1 m KPO4 buffer, pH 7.4, 0.03 m nicotin- 
amide, and other additions as indicated; the final volume was 
usually 4.5 ml. Labeled lanosterol (usually about 5000 c.p.m. 
in approximately 1 pig) was added in 100 lJ of acetone solution 
to the ice-cold incubation mixture. At the end of the incubation 
the flask contents were transferred to tubes containing 1 ml of 
40% KOH, and the flasks were washed with 5 ml of ethanol. 
Carrier lanosterol-24,25-dihydrolanosterol mixture (2 mg) was 
added, and the samples were saponified at 60° for 1 hour under 
nitrogen. The nonsaponifiable fraction was extracted with light 
petroleum ether and fractionated by thin layer chromatography 
as described above. The band containing the 30 carbon sterols 
was scraped from the plate and eluted with methylene chloride 
or chloroform. The sterols were then acetylated, and lanosteryl 
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acetate and 24,25-dihydrolanosteryl acetate were separated by 
a second thin layer chromatography on 40-cm-long plates in 
hexane-benzene (5:1, volume for volume) (8). The two zones 
were separated by a distance of 3 to 4 cm with very little if any 
cross-contamination. Each compound was separately eluted 
and radioassayed in a Packard liquid scintillation spectrometer. 
The percentage of substrate reduced was calculated as the 
percentage of C 14 -24 , 25-dihydrolanosterol in the labeled dihy- 
drolanosterol and lanosterol recovered after the second chroma- 
tography. Control experiments with C 14 -lanosterol and H 3 -24 , 25- 
dihydrolanosterol, used together or individually, showed that the 
overall recovery of each sterol carried through the above proce- 
dure was about 75%. The recoveries of the two were not sig- 
nificantly different. The specific radioactivity of a mixture of 1 
mg of C 14 -24 , 25-dihydrolanosteryl acetate isolated from the 
incubation and 24 mg of carrier 24,25-dihydrolanosteryl acetate 
did not change significantly after three recrystallizations from 
methanol (from 14 to 13 c.p.m. per mg). It should be noted 
that when a mixture of C 14 -lanosteryl acetate and carrier 24,25- 
dihydrolanosteryl acetate was similarly reerystallized three 
times from methanol, the specific radioactivity was reduced from 
15 to 7 c.p.m. per mg. The nonlabeled lanosterol-24, 25-di- 
hydrolanosterol mixture was obtained by column chromatog- 
raphy of a commercial product. It was free of contaminations 
detectable by ultraviolet and infrared spectroscopy and gave 
only the two peaks on gas-liquid chromatography, identified as 
the two above mentioned sterols by comparison with two sam- 
ples of the same compounds obtained from Dr. D. R. Idler and 
Dr. P. D. Klein. The material was chromatographed at 235° 
in the form of free sterols on a column containing an SE-30 
coated phase; 24, 25-dihydrolanosterol emerged at 21 minutes 
and lanosterol at 23.5 minutes. Pure lanosterol was prepared 
by thin layer chromatography of the acetylated sterol prepara- 
tion mentioned above. Desmosterol was synthesized and 
kindly provided by Drs. D. R. Idler and E. Reiner of the Fisher- 
ies Research Board of Canada. 24 , 25-H 3 -dihydrolanosterol 
(approximately 3 X 10 s c.p.m. per mg) was prepared in the 
Section on Steroids, Laboratory of Chemistry, National Institute 
of Arthritis and Metabolic Diseases. Triparanol (l-[p-(j8- 
diethylaniinoethoxy]phenyl)-l-(p-tolyl)-2 - (p -chlorophenyl) - eth- 
anol) was obtained from the William S. Merrell Company, 
and the experimental drugs, U- 18, 666 A (3£?-(2-diethylamino- 
ethoxy)androst-5-en-17-one) and U-5755 (hexestrol bis-/3-di- 
ethylaminoethyl ether hydrochloride), from the Upjohn Com- 
pany. 

RESULTS 

Incubation of various subcellular fractions with labeled lano- 
sterol revealed that the enzymatic activity for side chain reduc- 
tion resided in particles, mostly in microsomes (Table I). The 
slight activity shown by the soluble fraction alone in Experi- 
ment 1 was probably due to the presence of residual microsomes, 
since a second centrifugation at 104,000 X Q (Experiment 2) 
removed this activity almost completely. 

Table I shows that the sum of the activities of the three frac- 
tions incubated individually was considerably less than that of 
the unfractionated homogenate. (It should be noted that the 
particulate fractions incubated separately were used at twice 
their concentration in the whole homogenate. The values in 
parentheses for Experiment 1 show the activities of the partic- 
ulate fractions corrected to the concentrations of the particles 



in the whole homogenate, on the assumption that activity is 
linearly related to particle concentration.) Adding 104,000 X 
g supernatant to washed microsomes and mitochondria (Experi- 
ment 1) or to washed microsomes (Experiment 2) increased the 
yield by 101% and 45%, respectively, over that obtained with 
individual fractions and corrected for the quantity of each in 
the "combined fractions" (Table I). The stimulation was not 
observed with heat-denatured soluble fraction. A similar stim- 
ulation by a soluble fraction, inactive when used alone, of an 
enzymatic reduction of a sterol (7-dehydrochoIesterol) was re- 
ported by Kandutsch (13). 

Table II shows the pyridine nucleotide requirement for this 
reaction. In the absence of added pyridine nucleotide, or with 
DPNH, no reduction of lanosterol was observed. Maximal 
yields were obtained with TPNH. Surprisingly, however, con- 
siderable activity was observed on addition of TPN. An at- 
tempt was made to determine whether the activity observed 
with TPN was due to reduction of TPN to TPNH during the a 
incubation. An aliquot of the microsome suspension was incu- § 
bated with TPN for 30 minutes, and the optical density at 340 §• 
m/x was compared with that of a control incubation lacking a. 
TPN. The optical density relative to that of the control flask ^ 
was 0.015, indicating reduction of less than 0.5% of the TPN | 
added. Hence significant reduction of TPN was not demon- < 
strated. It should be noted, however, that because of the very | 
large excess of the nucleotide used in these experiments, the cr 
reduction of a small fraction of the TPN could be adequate for b 
the reduction of lanosterol. ^ 

As shown in Table II, Mg ions were not obligatory for this tj 
reaction. The two — SH inhibitors tested, jV-ethylmaleimide § 

5" 

Table I 

Q 

Anaerobic reduction of C u -lanosierol with fractions from rat o 
liver homogenates « 
The incubation flasks contained enzyme, buffer, and 2.5 ^moles 3 
each of TPN, DPNH, and TPNH in a final volume of 4.5 ml. O 
The amounts of enzyme fractions used were: whole homogenate o 
and 104,000 X g supernatant, 4 ml; mitochondria and microsomes, 5J 
1.6 ml. In Experiment 1, the "combined fractions" included JJ 
104,000 X g supernatant, 2.4 ml, and 0.8 ml each of mitochondria ~ro 
and microsomes. In Experiment 2, "combined fractions" o 
referred to 104,000 X g supernatant, 2.4 ml, and microsomes, 1.6 
ml. The flask with "particles -f- boiled supernatant'* in Experi- 
ment 1 contained 0.8 ml each of mitochondria and microsomes 
and 2.4 ml of the clear supernatant solution obtained from a 
10,000 X g centrifugation of a portion of 104,000 X g supernatant 
which had been immersed in boiling water for 5 minutes. 





OManosterol reduced 


Enzyme fraction 








Experiment 1 


Experiment 2 


Whole homogenate 


% 

48 


% 
* 




8 (4)t 






14 (7)t 


18.3 


104,000 X g supernatant 


4 


1.3J 


Combined fractions 


27 


27.8 


Particles + boiled supernatant 


15 





* The dash ( — ) means not studied. 

f Values in parentheses denote activities corrected to the 
concentration of particles in the whole homogenate. 
\ Centrifugated twice at 104,000 X g for 60 minutes. 
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Table II 

Cofaclor requirements and effects of — SH inhibitors on anaerobic 
reduction of C li -lanosterol by rat liver microsomes 
Homogenates were prepared, and microsomes washed, with 
0.1 m KTOi buffer, pH 7.4, containing no added nicotinamide. 
In Experiment 2, MgCl 2 was also omitted, and the buffer con- 
tained, instead, 0.5 nw EDTA. Each flask contained, in a 
final volume of 4 ml, 1.8 ml of washed microsome suspension, 400 
jxmolea of KPO< buffer, 120 ^moles of nicotinamide, 20 pinoles of 
MgClj (except where indicated), and 5 /zmoles of the nucleotides, 
when added as indicated below. 





O-Lanosterol reduced 


Addition or omission 








Experi- 


Experi- 




ment 1 


ment 2 




% 

0 


% 
* 




0 


0.4 




11.9 


27 


TPNH 


18.3 


31 


No Mg++; TPNH 




21 


A r -Ethylmaleimide (8 #imoles) + TPNH 




0 


p-Chloromercuribenzoate (3 pinoles) + TPNH . 




0 



* The dash ( — ) means not studied. 



and p-chloromercuribenzoate, both completely inhibited the 
reduction of lanosterol. 

Several compounds known to block the conversion of desmo- 
sterol to cholesterol were found to inhibit the reduction in vitro 
of the lanosterol side chain as shown in Table III. Two incuba- 
tions were made with each compound; one under nitrogen and 
the other under oxygen. The anaerobic samples were analyzed 
as usual, and the percentage of radioactivity present as 24,25- 
dihydro lanosterol in the 30 carbon sterol zone was determined. 
Table III shows that all compounds tested inhibited the reduc- 
tion of lanosterol by 95% or more. In the aerobic samples, the 
27 carbon sterol zones were found to contain 75 to 83% of the 
total radioactivity (Table III), indicating that none of the com- 
pounds tested significantly inhibited the aerobic oxidation of 
lanosterol to 27 carbon sterols. Carrier desmosterol (1 mg) was 
then added to the 27 carbon sterols isolated from each incuba- 
tion, and the mixture was acetylated and fractionated by thin 
layer chromatography into cholesteryl and desmosteryl acetates 
in the same system used for separation of lanosterol from 24, 25- 
dihydrolanosterol (8). Triparanol, U-18,666A, and U-5755 all 
significantly inhibited the reduction of the sterol side chain 
(Table III), but the effects under aerobic conditions were con- 
sistently less than under anaerobic conditions. 

In other experiments it was found that homogenates of livers 
from rats fed 0.1% triparanol were incapable of anaerobically 
reducing lanosterol. Under aerobic conditions, however, the 
nuclear transformations could take place and in one experiment 
the same homogenate converted 30% of added OManosterol to 
desmosterol, and 18% of added H 3 -24 , 25-dihydrolanosterol to 
cholesterol. 

Experiments were conducted to determine whether the reduc- 
tion of the side chain of lanosterol might be reversible. Anaero- 
bic incubation of C u - 24,25 - dihydrolanosterol (obtained by 
enzymatic reduction of C'Manosterol) with normal liver homoge- 
nate in the presence of excess TPN showed no conversion of 
24 , 25-dihydrolanosterol to lanosterol. Furthermore, after an 



aerobic incubation of liver homogenate with 17,750 c.p.m. of 
24,25-H 3 -dihydrolanosterol as substrate, 15,700 c.p.m. were re- 
covered in the combined sterol fractions after thin layer chroma- 
tography. Cholesterol contained 41%, the C S o sterols, 46%, 
and the intermediate zone, 13% of the radioactivity. No H 3 - 
lanosterol was recovered after carrier nonlabeled lanosterol was 
added to the material eluted from the zone containing the 30 
carbon sterols, acetylation, and repeated chromatography. If 
significant desaturation of the side chain of 24,25-H 3 -dihydro- 
lanosterol had occurred, some H 3 would have been expected to 
be lost from the total sterol fraction and some HManosterol 
formed. Similar results have been reported for the conversion 
of 24,25-H 3 -A 8 -cholestenol to cholesterol (14). 

The capacity of the system in vitro to reduce lanosterol was 
investigated in experiments in which varying amounts of carrier 
lanosterol were mixed with a constant amount of C"-lanosterol 
and the resulting mixtures were added in 100 fxl of acetone to 
incubation flasks. In other flasks, similar amounts of unlabeled 
desmosterol were added to the labeled lanosterol to test for o 
possible substrate competition. In a preliminary experiment, 2. 
there was no change in the percentage yield of C u -24,25-dihy- § 
drolanosterol with the addition of 2, 7, or 30 Mg of unlabeled 2. 
lanosterol or of 10 jug of unlabeled desmosterol. The results of 3 
a second experiment, presented in Table IV, showed the relatively | 

Table III J. 
Effects of inhibitors on conversion of lanosterol to %4,25-dihydro- g 
lanosterol and to cholesterol (3 
Each flask contained 4 ml of liver homogenate, 2.5 ^moles of ~ 
TPN, 10 M^oles of glucose-6-P, and 200 pg of each compound ^ 
tested. Triparanol was added in 50 til of acetone, and the other 5 
inhibitors in 50 of water (50 fA of acetone were added to the |" 
flasks containing the water-soluble inhibitors). C 14 -lanostcrol ■ 
in 100 pi of acetone was added last. 5- 



Inhibitor added 


Anaerobic flasks 


Aerobic flasks 


Dihydro- 
lanosterol 
in 30 carbon 
sterols 


Inhibition 


Total C» 
as 27 
carbon 
sterols 


Choles- 
terol in 27 
carbon 
sterols 


Inhibi- 
tion 




% 


% 


% 


% 


% 


None (control) .... 


50 


(0) 


79 


88 


(0) 


Triparanol 


1.3 


97 


83 


51 


42 


U08.666A 


0.4 


99 


75 


17 


80 


U-5755 


2.7 


95 


83 


42 


51 



Table IV 

Effect of unlabeled lanosterol and of desmosterol on anaerobic 
reduction of C 14 -lanosterol 



Each flask contained 4 ml of liver homogenate, 2.5 /imoles of 
TPN, 10 ^moles of glucose-6-P, and C 14 -lanosterol with or with- 
out unlabeled lanosterol or desmosterol added in 100 /il of acetone. 



Uo labeled lanosterol or desmosterol 
added 


C 1( -lanosterol converted to D 4 -24,2S-dihydro- 
lanosterol 


Lanosterol added 


Desmosterol added 


»& 


% 


% 


0 


63 


63 


50 


51 


42 


150 


35 


30 


500 


15 


10 



1 

o 

I 
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high capacity of the enzyme to reduce the substrate. The per- 
centage yield of C l4 -24,25-dihydrolanosteroI from C l4 -lanosterol 
with 150 of carrier substrate was more than half of that with 
labeled substrate (approximately I jug) alone. Table IV also 
shows that the addition of desmosterol to labeled lanosterol 
reduced its conversion to 24 , 25-dihydrolanosterol at least as 
effectively as the addition of carrier lanosterol. 

DISCUSSION 

The results demonstrate that rat liver is able to reduce lano- 
sterol to 24, 25-dihydrolanosterol. The enzyme is associated 
with cell particles, mostly with microsomes, and requires tri- 
phosphopyridine nucleotide for activity. The observation that 
reduction occurred when TPN was added instead of TPNH 
suggests that catalytic amounts of the nucleotide were reduced 
in the presence of some endogenous substrate. An attempt to 
demonstrate directly the reduction of the nucleotide, however, 
was unsuccessful. It should be noted that fewer than 5 mju- 
moles of lanosterol were reduced in most of these studies, which 
would have required an undetectable amount of TPNH. 

The intracellular distribution of the lanosterol- reducing en- 
zyme is similar to that found for the desmosterol-reducing sys- 
tem (6). The two systems are similar also in other respects. 
Both are TPNH-dependent and sensitive to — SH inhibitors, 
and they are similarly affected by the same inhibitors (tripara- 
nol, U-18,666A, U-5755). It is possible, therefore, that both 
reactions are catalyzed by the same enzyme — a "side chain 
reductase"— the activity of which is not strongly influenced by 
the configuration of the sterol nucleus. Results of the experi- 
ment showing the inhibition of reduction of C 14 -IanosteroI by 
added desmosterol are consistent with the above thesis, although 
they do not prove it. 

The extent of conversion of lanosterol to 24, 25-dihydrolano- 
sterol under physiological conditions cannot be determined on 
the basis of the present study. It is clear, however, that rat 
liver can enzymatically reduce lanosterol and can also directly 
convert 24, 25-dihydrolanosterol to cholesterol. The pathway 
of cholesterol biosynthesis in which side chain reduction is the 
very first reaction beyond lanosterol is therefore possible. On 
the other hand, Clayton and Bloch have shown that the C 3 o 
sterols formed from acetate in liver homogenates contain very 
little 24, 25-dihydrolanosterol (15). Moreover, previous studies 
have demonstrated the potentiality for a pathway from lano- 
sterol in which desmosterol is an intermediate and the final step 
consists of the side chain reduction (1, 16). However, most of 
the above studies demonstrate either a biological conversion of a 
postulated intermediate or an accumulation (or absence) of a 
postulated intermediate in vitro or under abnormal metabolic 
conditions and, therefore, do not establish its quantitative im- 
portance in the normal biosynthetic sequence. Experiments 
providing further information about this problem based on 



studies in vivo in normal animals are being reported separately 
(9). 

SUMMARY 

The anaerobic reduction of labeled lanosterol, biosynthetically 
prepared from 2-C 14 -mevalonic acid, to 24,25 dihydrolanosterol 
has been demonstrated with rat liver homogenates. Enzymatic 
activity was associated with cell particles, mostly with micro- 
somes, and required reduced triphosphopyridine nucleotide. 
The enzyme was completely inhibited on addition of 2V-ethyl- 
maleimide or p-chloromercuribenzoate, and did not require a 
divalent cation for activity. Attempts to demonstrate the 
reversibility of side chain reduction of lanosterol during both 
anaerobic and aerobic incubations were not successful. Tri- 
paranol and two other inhibitors of cholesterol biosynthesis 
blocked the reduction of both lanosterol and desmosterol in 
vitro. Unlabeled lanosterol or desmosterol added to the incu- 
bation medium caused a comparable inhibition of reduction of o 
C 14 -lanosterol. It is possible that a single enzyme is responsible I 

o 



for the reduction of both sterol substrates. 
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